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ABSTRACT 

This report covers runoff studies with fall, winter and spring 
applied sewage sludge, and field rate and source of sludge studies with 
bromegrass on a loam soil and with corn on a loam, a sandy loam and a 
clay loam soil. A greenhouse trial with different rates and sources of 
sludge on two soils at three pH levels is also reported. Fluid digested 
sewage sludges from calcium oxide treatment of Newmarket sewage, aluminum 
sulphate treatment of Kitchener sewage and ferric chloride treatment of 
North Toronto sewage were used. Chemical analyses of the sludge, soil 
nitrogen, crop yields and nutrient and metal content of crops are presented 
along with microbial studies of the sludge and the crops grown. Detailed 
descriptions of the soils used are also presented. 

In runoff studies, losses of nitrogen and nutrients were low in 
197^, lower than 1973- One runoff event immediately following fall sludge 
application resulted in appreciable losses of nutrients, metals and 
COD. 

In the field, crops responded to sewage sludge, responses being 
similar In most cases to those from chemical fertilizers. In one trial, 
where soil structure was a problem, sludges produced appreciably higher 
yields than chemical fertilizers. In the greenhouse, sludge at high rates 
of application caused salinity problems when the soils were not leached. 
Salinity is not expected to cause problems in the field in Ontario. 

About twice as much nitrogen was required from sludges as from 
ammonium nitrate to produce a particular yield. At higher rates of sludge 
application, levels of nitrate toxic to animals were approached. 

Sludges increased sodium bicarbonate soluble ("plant available") 
phosphorus quite markedly, and this effect was greatest with calcium 
si udge. 

Cadmium, nickel and zinc concentrations in crops increased 
appreciably with additions of sludge high in metals. Greenhouse studies 
provide some evidence that these metals become more available to plants 
with time after sludge applications. 

Chemical soil tests for plant available metals are under inves- 
tigation. At this time, acetic acid appears to hold promise as an extrac- 
tant of nickel under Ontario conditions. 
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In field soils, nitrate accumulated to a greater extent under 
corn than under grass. More nitrate was produced by sludges containing 
a larger portion of their nitrogen in ammonium form. Nitrate concentra- 
tions in soil were high in 197^ with less evidence of movement than in 
1973, probably due to the lower rainfall in July and August. 

Extraction, electron microprobe and X-ray analyses show that the 
iron in iron sludge is crystalline. Where sludges have been applied to 
the soil surface, calcium, aluminum and iron all appear to be moving 
into the soil, but calcium moved the farthest, up to 12 inches in two years 
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RESUME 



Le present rapport traite des fetudes sur le ruissel lement des 
boues 6pandues en automne, en hiver et au printemps; t1 y est ggalement 
question des Etudes de la quantity et de la provenance des boues utlHs^es 
sur des terres grasses recouvertes de brome et de mat's, ainsi que sur les 
terres grasses sablonneuses et les terres grasses argileuses recouvertes 
de mal's. On y mentionne aussi une experience en serre avec deux types de 
sols atrois niveaus de pH, £l 1 'aide de quantit6s variables de boues d'orlglne 
dlff§rente. Des boues llquldes de la digestion des dSchets obtenus par les 
traitements d I'oxyde de calcium (Newmarket) » au sulfate d 'aluminium 
(Kitchener) et au chlorure ferrique (North Toronto) ont 6t6 utllis6es. 
En plus de presenter des analyses chlmlques des boues, les rendements des 
rficoltes, les teneurs en azote dans le sol, en m^taux et en 6l6ments 
nutrltifs dans les cultures, le rapport donne les rfesultats d'fitudes 
microbiennes ayant port6 sur les boues et les cultures. 

L'fetude du ruissel lement a r6v616 que, en 197^, les quantltfes 
d'azote et d'6l6ments nutritlfs perdus fetalent falbles, plus faibles 
qu'en 1973. En une ci rconstance, Immfed latement aprfes 1 'appl ication de 
boues en automne, 11 y a eu entratnement d'assez grandes quantltfes d'616ments 
nutrltifs et de m6taux, et reduction importante de la demande chimlque 
d'oxygdne (DCO), 

Sur le terrain, les cultures ont r6agl aux applications de 
boues d'une fagon semblable, dan la plupart des cas, aux engrais chlmiques. 
Dans un cas partlculler, oO la composition du sol posait des probi&mes, 
les boues se sont r6v6l6es plus efficaces que les engrais chlmiques. Dans 
les serres , 1 'uti 1 Isation de grandes quantltfes de boues a accru la 
salinity des sols lorsque ces derniers n'6taient pas lesslvfes. Toutefols, 
on ne s 'attend pas S ce que cette salinitfe susclte de difficultfes dans 
les champs de 1 'Ontario. 

Pour 1 'obtention d'un rendement donnfe, les boues ont eu besoln 
d'environ deux fols plus d'azote que le nitrate d'ammonium. Les niveaux 
toxiques des nitrates i I'fegard des animaux ont presque 6t6 attelnts lorsque 
1'on a augments le taux d'appl ication des boues. 



I I I 



Les boues ont accru de fagon assez marqu6e la quantity de phosphore 
soluble dans le bicarbonate de sodium, (assimilable par les plantes) et 
ce sont les boues riches en calcium qui ont donnfe les plus fort accroisse- 
ment. 

L'application de boues riches en mfitaux a fait augmenter d'une 
fason assez considerable les teneurs en cadmium, en nicl<el et en zinc dans 
les cultures. Les 6tudes effectufees dans les serres ont montr6 que, avec 
le temps, ces m6taux deviennent de plus en plus assimilables par les 
plantes. 

L'extraction des m^taux du sol est actuellement A 1 'etude. 
L'aclde acStique semble beaucoup promettre corame extracteur du nickel, dans 
les conditions pr6valant en Ontario. 

On remarque que les nitrates s'accumulent mieux dans les champs 
de maVs que dans les champs d'herbe. On a constate egalement que les 
boues contenant de 1 'azote surtout sous forme ammoniacale produisaient 
de plus grandes quantitfis de nitrates. En I97^> annfie au cours de laquelle 

11 y a eu moins de transport qu'en 1973, probablement en raison des 
faibles quantites de pluie tomb^es en juillet et en aoOt, les concentrations 
de nitrates dans les sols fetaient fortes cette ann6e-15. 

L'extraction, ies analyses aux rayons X et les mlcrosondes 
eiectronlques nous montrent que les fer des boues riches en fer a une 
structure cristalline. Ld oO 1 'on a rdpandu des boues cl la surface du 
sol, le calcium, 1 'aluminium et le fer ont semble pen6trer dans les sol, 
mais le calcium est celui qui y a penetre le plus en profondeur, soit 

12 pouces en deux ans. 
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1, INTRODUCTION 

This volume covers work done by the Department of Land Resource 
Science at the University of Guelph on land disposal of sewage sludge 
for Environment Canada and the Ontario Ministry of the Environment under 
project No. 72-5-17, contracted by the Department of Supplies and Services, 
and covers the period from April 1, 197'* to March 31, 1975. 

In general, the research program is proceeding on schedule. 

The 1974 season was a difficult one for growing crops in the 
field. The spring was unusually rainy, with fewer days available for 
sludge application, tillage and seeding than normal, resulting in later 
seeding than was desirable, particularly at the Milton site. A shortage 
of soil moisture towards the end of the season added to the problems. 

Although many of the results reported are still preliminary 
there are several trends developing which made this year's work more 
interesting than in 1973. 



2. GENERAL OBJECTIVES 

The objective of this research is to determine maximum rates 
of sewage sludge application which can be used on agricultural soils 
without contaminating subsurface water with nitrate nitrogen and surface 
waters with elements or organisms pathogenic to humans and animals, apd 
without reducing the yield or quality of the crops produced. 



3. RUNOFF 

3. 1 ■ Objectives 

This section of the sludge project was designed to determine 
rates of sewage sludge which may be safely applied to certain slopes at 
specified times of the year. 

3.2 Experimental 

3.2.1 Pes i gn 

Runoff was measured at the Elora Research Station in imperfect 
to poorly drained sandy clay loam soils with systematic tile drains. 
Field plots, 0.025 ac (O.Ol hectare) on 2% and 6^ slopes with suitable 
edging and runoff collection devices were installed in the fall of 1972. 
Fluid iron precipitated sludge from the North Toronto sewage treatment 
plant was applied to separate plots each November, January and May. 

I^tes of application, based on the nitrogen content of the sludge, 
were 178 lb N/ac (200 kg N/ha) and 712 lb N/ac (800 kg N/ha) on the 2* 
slope, and 178 lb N/ac (200 kg N/ha) on the S% slope. On each slope, the 
treatment without sludge received 100 lb N/ac (112 kg N/ha) as NH.NO- 
in the spring. Each treatment was replicated twice. 

After each runoff event the volumes of water collected were 
measured, samples taken and tanks emptied. 

The spring sludge and fertilizer applications were made on May 3» 
197^ and ploughing and corn planting was completed by May 1^, 197^. 
The corn was harvested on October 2^, 197'*. 

3.2.2 Water analysis 

Soluble nitrogen and phosphorus in the water samples were deter- 
mined directly using an automated analytical technique after passing 
through a O.ASm filter. To determine total nitrogen and phosphorus, the 
water samples were digested with ^o^^ii"^?^? (Thomas et al , 1967), and then 
the concentration was determined using an automated analytical technique. 

The metals: Cd , Cu, Ni , Pb and Zn, were determined by atomic 
absorption after the water samples were passed through a O.^Sy filter, 
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chelated with APDC and extracted with MIBK . On a total sample Cd , Cu, 
Ni, Pb, and Zn were extracted with aqua regia, and then the concentrations 
were determined by atomic absorption. 

Mercury content of filtered (O.^Sy) water samples was determined 
by flameless atomic absorption (Hamm and Stewart, 1973) after oxidation 
of the organic mercurials with potassium permanganate and potassium per- 
sulphate. Sediment collected on the filters was digested using low 
temperature aqua regia before mercury determination. 

3.3 Results and Discussion 

3.3.1 Crop yield 

Germination was normal and after thinning to 20,000 plants per 
acre on July 7, the corn was harvested on October 24, and the yields per 
acre (ha) were calculated (Table 1). On the average, the highest yields (98 
bu/ac) were obtained on the plots treated with the lower rate of sludge 
on the 2% slope. Intermediate yields were obtained from the higher rate 
of sludge on the 2% slope (85.8 bu/ac) and from the commercial fertilizer 
(check) treatments (79-5 bu/ac); the lowest yield (75-3 bu/ac) occurred on 
the 6^ slope. These results contrast with results obtained in 1973 when 
the highest rate of sludge application gave the greatest yield. In 197^, 
the yields on the plots treated with the low rate of sludge ranged 7-4U 
higher than in 1973, while the high rate of sludge application yielded 
only 88^ of that in 1973. 

3.3.2 Precipitation and runoff losses 

Total precipitation for the period January to December 197^ 
was 31.27 inches (79^.1 mm); this was 2.22 inches (56.4 mm) below the 
30 year average (Table 2). Months in which precipitation was above the 
30 year average were January, April, May, June and November, while 
July, August and October were markedly less than average. 

Between January and May there were eight runoff events (Table 3) 
mostly resulting from rainfall. During the summer months, there were 
only two runoff events, the one on May 17 following 2.02 inches of rain 



" Pyrrolidine carbodithioc acid ammonium salt 
"" Methyl isobutyl ketone 



(Table k) . The only runoff event in the fall period occurred after the 
fall sludge application on November 20 (Table 5). This occurred because 
the liquid of the sludge augmented the 1.1 inches of rainfall received 
on that occasion. 

The volumes of runoff collected during the year are indicated 
in Tables 6, 7 and 8, and the total for the year in Table 9. The greatest 
amount of runoff was collected from the plot treated with sludge in the 
fall on the 6^ slope. With this exception, the volumes of runoff over 
all the treatments and slopes are very similar. 

The losses of total and soluble nitrogen and phosphorus are shown 
in Tables 6, 7, 8, 10, 11 and 12, and the yearly total in Tables 9 and 13. 
In general, the highest nitrogen losses were from those plots which had 
received sludge at the beginning of the winter period. However, a large 
amount of nitrogen was lost from the plot treated with the highest rate 
of sludge in the fall; this was due to a runoff event coinciding with a 
sludge application. Losses from the plots which had been treated with 
sludge in the spring were comparable with the losses from the check plots. 
This results from both a lower incidence of runoff, and ploughing of the 
plots following the spring sludge application, burying the sludge beneath 
the sol 1 surface. 

Phosphorus losses were extremely low with, in general, no marked 
differences between sludge treatments and check plots. The highest phos- 
phorus loss occurred in the fall period, again as a result of a runoff 
event coinciding with sludge application. 

The soluble heavy metal losses were, in general, very small 
(Tables 14, 15. 16 and 17). On the 6^ slope, the losses of all soluble 
metals were greatest following winter sludge application (Table 17) and 
were of a similar magnitude to the losses from the high sludge treatment 
on the 2% slope. In the case of the acid extractable metals, however, 
(Tables 18, 19, 20, and 21) the greatest losses were from the plots on 
the 6% slope, which had received sludge in the fall, and were about twice 
those of the check plots (Table 21). On the 2X slope, the losses from 
sludge treated plots were similar to those from the check plots. However, 
sizeable losses of all the metals occurred in a runoff event which coincided 
with the fall (197^) sludge application. The fact that only the acid 
extractable metals showed marked increases on this occasion was the result of 



the presence of a considerable quantity of suspended solid material in the 
runoff water. 

An estimate of the amount of organic material present in runoff 
water is given by the value of the chemical oxygen demand (Tables 22, 
23, 2^ and 25). At the 200 kg N/ha rate of application the sludge treat- 
ments showed only slightly greater values than the check plots on either 
slope. However, the COD value for the 8OO kg N/ha rate of sludge applied 
In the fall showed a marked increase and this was the result of a runoff 
event coinciding with the sludge application date. This result correlated 
with Increased amounts of acid extractable metals and was due to solid 
material suspended In the runoff water. 

3.4 Conclusions 

The rainfall pattern during the year was somewhat unusual in 
that May and June were exceptionally wet while July and August were very 
dry; the total precipitation only slightly exceeded the 30 year average. 
Eleven runoff events occurred during the year, and in general the nitrogen 
losses were low, with the highest amounts being lost from plots which had 
been treated with sludge at the beginning of the winter period. 

Phosphorus losses remained low throughout the period. Heavy 
metal losses were very low and there were no great differences between 
treatments, with the exception of greater losses of acid extractable metals 
on the 6^ slope. The COO values were also low and did not differ markedly 
between treatments. 

The coincidence of a runoff event and the fall sludge application 
resulted in elevated values of losses of nitrogen, phosphorus, add 
extractable metals and COD. 

3.5 Literature Cited 

Hamm, J.W. and J.W.B. Stewart. 1973- A simplified procedure for the 
determination of total mercury in soils. Comm. Soil Sci. Plant 
Anal, k: 233-2^*0. 

Thomas, R.L., R.W. Sheard, and J.R. Moyer . 196?. Comparison of conven- 
tional and antomated procedures for nitrogen, phosphorus, and potassium 
analyses of plant material using a single digestion. Agron. J. 59: 
2^0-2^3. 



TABLE 1. Yields of Corn (shelled grain) in IS?**. 



Slope and treatment kg/ha Ib/ac 



6% slope 

200 kg N Fall 51^8 ^596 

Winter 498? ^^53 

Spring 5050 'iSlO 

Check 5196 ^639 

2% slope 

200 kg N Fall 7037 6283 

Winter 6822 6091 

Spring 5880 5251 

800 kg N Fall 5673 5065 

Winter 5385 ^808 

Spring 625^- 558^ 

Check 5^86 ^898 



TABLE 2, 



Monthly and Cumulative precipitation for the Elora Area. 



oo 





January 197'*~December 


1974 




30 Year 


Average 




Month 


Monthly 


total 


Cumulative total 


Monthly 


total 


Cumulative total 




in 


(fmn) 


in 


(mm) 


in 


(mrn) 


in 


(™) 


January 


3.17 


80.5 


3.17 


80.5 


2.79 


70.8 


2.79 


70.8 


February 


2.35 


59.7 


5.52 


140.2 


2.24 


56.9 


5.03 


127.7 


March 


2.86 


72.6 


8.38 


212.8 


2.48 


63.0 


7.51 


190.7 


April 


3.52 


89.4 


11.90 


302.2 


2.70 


68.6 


10.21 


259.3 


May 


i|.83 


122,7 


16.73 


424.9 


3.10 


78.7 


13.31 


338.0 


June 


3.91 


99.3 


20.64 


524.2 


3.00 


76,2 


16.31 


414,2 


July 


0.91 


23.1 


21.55 


547.3 


3.10 


78.7 


19.41 


492.9 


August 


0.67 


17.0 


22.22 


564.3 


3.10 


78.7 


22.51 


571.6 


September 


2.1*1 


61.2 


24.63 


625.5 


3.00 


76.2 


25.51 


647.8 


October 


1.31 


33.3 


25.94 


658.8 


2.79 


70.8 


28.30 


718.5 


November 


3.73 


94.7 


29.67 


753.5 


2.70 


68.6 


31.00 


787.2 


December 


1 .60 


40.6 


31.27 


794.1 


2.49 


63.2 


33.49 


850.4 



TABLE 3. Rainfall in Winter Period, Elora. January 23 - May 2, 1974. 





Day of 


January 


February 


March 


Apri 


1 


May 




Month 


in 


mm 


in 


mm 


in 


mm 


in 


mm 


in mm 




I 








0.13 


3.3 


0.07 


1.8 


0.58 


14.8 






2 


















0.01 


0.3 


0.02 0.5 i 




3 


















0.89 


22.7 








4 
6 










0.22 


5.6 


1.47 


37.4 










( 




0.02 
0.16 


0.5 
4.1 










7 


















0.06 


1.5 










8 














0.28 


7.1 




■ 










9 














0.03 


0.7 




• 










io 










0.13 


3.3 


















11 










0.02 


0.5 






0.07 


1.8 










12 


















0.21 


5.3 










13 






























14 


















0.30 


7.6 










15 














0.14 


3.6 














U 










0.03 


0.8 


0.06 


1.5 














17 






























18 










0.38 


9.7 


0.23 


5.9 














19 










0.25 


6.4 


















20 






i 






0.05 


1.3 














21 






t 


0.60 


15.3 


0.08 


2.0 














22 
23 

2^ 








0.34 
0.01 


8.6 

0.3 


0.04 
0.10 
0,04 


1.0 
2.5 
1.0 


0.71 
0.06 


18.1 
1.5 










1 1 


1 1 








25 










0.06 


1.5 














26 


0.81 


20.6 






0.05 


1.3 














27 


0.02 


0.5 






















2S 


0.02 


0.5 


0.24 


6.1 






0.35 


8.9 










23 


























30 










0.16 


4.1 


0.10 


2.5 










31 


0.06 


1.5 


















Monthly 
Total "•^' 


23.1 


2.35 


59.9 


2.86 


72.7 


3.52 


89.6 


0.02 0.5 




Cumulative 
Total 




3.26 


82.8 


6.12 


155.4 


9.64 


244.9 


9.66 245.4 

J 



I 1 Denotes a date of sludge application 

Denotes a date in which a runoff event occurred 



TABLE k. Rainfall in Sunvner Period, Elora. May 3 - November 19, 197^. 





Day of May 






June 


Ju 


ly 


Aug 


List 




Month 


in 


mm 


in 


mm 


In 


mm 


in 


mm 




1 














0.14 


3.6 




2 

3 
4 




0.2 










0.05 
0.04 


1.3 

1.0 




jo.oi 


0.17 


4.32 






k 


5 


0.4^1 


11.2 














6 


0.02 


0.5 


0.12 


3.0 












7 




















8 


0.67 


17.0 


0.04 


1.0 












9 


0.01 


0.2 










0.02 


0.5 




fO 




















11 


0.6A 


16.3 


0.10 


2.5 












12 


0.23 


5.8 


0.01 


0.2 






0.04 


1.0 




13 




















ik 


0.55 


13.9 


0.23 


5.8 


0.05 


1.3 








15 






0.65 


16.5 












16 


2.02 


51.3 










0.02 


0.02 




17 
18 






0.10 
0.87 


2.5 
22.1 


0.19 


4.8 














19 






0.28 


7.1 












20 






0.10 


2.5 












21 






0.01 


0.2 












22 1 


















23 














0.01 


0.2 




24 




















25 






0.04 


1.0 


0.21 


5.3 








26 






0.09 


2.28 






0.14 


3.6 




27 




















28 


O.lB 




1.03 


26.2 


0.01 


0.2 








29 






0.24 


6.1 


0.25 


6.3 








30 










0.03 


0.8 


0.02 


0.5 




31 


0.0^ 












0.19 


4.8 


\ 




















Monthly , 
Total ^'^^ 


116.^ 


3.91 


99.3 


0.91 


23.1 


0.67 


17.0 




Cumulative 
Total 




8.50 


215.7 


9.40 


238.8 


10.08 


255.8 



I J denotes a date of sludge application 

denotes a date in which a runoff event occurred 
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TABLE 4. (continued) 



■ ■ " ~ ■ ■ " ■■ 

Day of 


September 


Octobe 


r 


November 


Month 


in 


mm 


in 


mm 


in mm 


1 






0.05 


1.3 




2 


0.33 


8.i* 








3 










0.29 7.i» 


k 










0.09 2.3 


5 










0.56 lif.2 


6 






0.20 


5.1 




7 












8 






O.Oi* 


1.0 




9 












10 












11 


0.26 


6.6 


0.06 


1.5 


0.52 13.2 


12 


0.02 


0.5 






0.13 3.3 


13 






0.33 


8. A 


0.23 5.8 


\k 






0.25 


6.i* 




15 










0.02 0.5 


16 






0.07 


1.8 


0.08 2.0 


17 


0.37 


9.4 








18 










0.01 0.2 


19 


0.10 


2.5 






0.28 7.1 


20 










, 






21 
















22 






0.02 


0.5 








23 
















2k 


0.09 


2.3 


0.03 


0.8 








25 


0.18 


i».6 












26 
















27 


0.21 


5.3 












28 


o.ek 


16.3 












29 


0.10 


2.5 


0.25 


e.k 








30 


0.11 


2.8 


0.01 


0.2 








31 
















Monthly 
Total 


2. ill 


61.2 


1.3t 


33.3 


2.21 56.0 


Cumulat ive 
Total 




12.it9 


317.0 


13.80 


350.3 


16.01 i»06.3 



r \ denotes a date of sludge application 

„ denotes a date on which a runoff event occurred 
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TABLE 5. Rainfall in Fall Period, Elora, November 20, 197^* - 
January U, 1975. 



3ay of 


Novemb 


er 


December 


Januar 


y 


•lonth 


in 


mm 


in mm 


in 


mm 


1 










0.04 


1.0 


2 










0.13 3.3 


0.10 


2.5 


3 












0.60 


15.2 


k 












0.30 


7.6 


5 










0.02 0.5 






6 












0.10 


2.5 


7 










0.15 3.8 






8 










0.06 1.5 


0.23 


5.8 


9 










0.10 2.5 






10 












0.17 


4.3 


11 










0.29 7.4 






12 










0.02 0.5 






13 












0.05 


1.3 


]k 












0.08 


2.0 


15 










0.09 2.3 










16 










0.01 0.2 










17 










0.03 0.8 










18 










0.06 1.5 










19 










0.28 7.1 










20 


|1 10| 


i2y.9i 


0.03 0.8 










21 


0.01 


0.2 












22 
















23 


0.23 


5.8 


0.06 1.5 










2i| 


0.04 


1.0 


0.09 2.3 










25 


0.02 


0.5 


0.01 0.2 










26 
















27 


0.06 


1.5 












28 


0.06 


1.5 












29 
















30 
















31 






0.17 4.3 










Monthly 
Total 


1.52 


38.4 


1.60 40.6 


1.67 


42 


.2 


Cumulative 






3.12 79.0 


4.79 


121.2 


Total 






] 







P*T Denotes a date of sludge application 

Denotes a date on which a runoff occurred 
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TABLE 6. Runoff in Winter Period, January 23. - May 2, 197^t 

Soluble nitrogen and phosphorus 



Slope and treatment Runoff Nitrogen Phosphorus 

in m 1 b/ac kg/ha 1 b/ac i<g/ha 



(>% slope 

200 kg N Fall 6.01 152.9 1.70 1.91 0.25 0.28 

Winter 5.68 1A4.6 2.9^ 3.30 0.31 0.35 

Spring 6.08 15^.7 0.38 0.42 0.12 0.13 

Check 5.37 136.7 0.52 0.59 O.Ii 0.13 



2% slope 
















200 kg N 


Fall 


5.29 


134.6 


1.21 


1.36 


0.14 


0.32 




Winter 


h.ll 


108.6 


1.44 


1.62 


0.16 


0.19 




Spring 


i».08 


103.8 


0.59 


0.67 


0.12 


0.13 


800 kg N 


Fall 


5.55 


141 .2 


3.05 


3.42 


0.19 


0.21 




Winter 


k,S^ 


125.7 


5.91 


6.64 


0.31 


0.34 




Spring 


5.23 


133.1 


0.87 


0.98 


0.13 


0.15 




Check 


4.18 


106.4 


0.61 


0.69 


0.10 


0.14 
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TABLE 7. Runoff in Summer Period, May 3 - November 19, 1974, 

Soluble nitrogen and phosphorus 



Slope and treatment Runoff Nitrogen Phosphorus 

in mm Ib/ac kg/ha Ib/ac kg/ha 



6% slope 
















200 kg N 


Fall 


1.28 


32.5 


0.27 


0.30 


0.09 


0.10 




Winter 


1.09 


27.7 


0.26 


0.29 


0.21 


0.23 




Spring 


0.70 


17.8 


0.14 


0.16 


0.04 


0.05 




Check 


1.11 


28.2 


0.24 


0.27 


0.15 


0.17 


2% slope 
















200 kg N 


Fall 


0.85 


21.6 


0.12 


0.13 


0.07 


0.08 




Winter 


0.53 


13.5 


0.05 


0.06 


0.09 


0.10 




Spring 


0.96 


Zk,k 


0.11 


0.12 


0.12 


0.13 


800 kg N 


Fall 


1.07 


27.2 


0.13 


0.15 


0.11 


0.12 




Winter 


0.94 


23.9 


0.34 


0.38 


0.17 


0.18 




Spring 


0.95 


24.1 


0.15 


0.17 


0.11 


0.13 




Check 


0.73 


18.5 


0.12 


0.14 


0.06 


0.06 
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TABLE 8. Runoff in Fall Period, November 20, 197^ - January 1^, 1975, 

Soluble nitrogen and phosphorus 



Slope and treatment ^h;o^ Nitrogen Phosphorus 

in mm Ib/ac kg/ha Ib/ac kg/ha 



6^ slope 

200 kg N Fall 

Winter 
Spring 



Check 



slope 



200 kg N Fall 

Winter 
Spring 

800 kg N Fall 

Winter 

Spring 
Check 



0.15 3.8 0.71 0.79 



0.19 0.22 



0.05 1-3 0.13 0.15 



0.08 0.09 



0.60 15.2 n.80 13.22 2.68 3.00 



0.03 0.8 0.01 0.01 0.01 0.01 
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TABLE 9. Total Runoff Losses for Period January - December, }S7k. 

Soluble nitrogen and phosphorus 



Slope and treatment Runoff Nitrogen Phosphorus 

in mm 1 b/ac kg/ha 1 b/ac kg/ha 



S% slope 


' 














200 kg N 


Fall 


11.^0 


189.2 


2.68 


3.00 


0,53 


0.60 




Winter 


6.77 


172.3 


3.20 


3.59 


0.52 


0.58 




Spring 


6.78 


172.5 


0.52 


0.58 


0.16 


0.18 




Check 


6.^8 


\6k.S 


0.76 


0.86 


0.26 


0.30 


2% slope 
















200 kg N 


Fall 


6.19 


157.5 


1.46 


1.64 


0.29 


0.49 




Winter 


^.80 


122.1 


1.^9 


1.68 


0.25 


0.29 




Spring 


S.O^t 


128.2 


0.70 


0.79 


0.24 


0.26 


800 kg N 


Fall 


6.62 


183.6 


14.98 


16.79 


2.98 


3.33 




Winter 


5.88 


1^9.6 


6.25 


7.02 


0.48 


0.52 




Spring 


6.18 


157.2 


1.02 


1. 04 


0.24 


0.28 




Check 


4.9^ 


12it.9 


0.73 


0.84 


0.17 


0.21 
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TABLE 10. Runoff In Winter Period^ January - December, 197^ 

Total nitrogen and phosphorus 



Slope and treatment Runoff Nitrogen Phosphorus 

in mm 1 b/ac l<g/ha 1 b/ac kg/ha 



S% slope 

200 kg N Fall 6.01 152.9 3.36 3.77 0.89 1.00 

Winter 5-68 1^^.6 5-62 6.31 1-^6 1.6i* 

Spring 6.08 15^.7 2M 2Jk 0.73 0.82 

Check 5.37 136.7 3.25 3.65 1.00 1.12 



2% slope 
















200 kg N 


Fall 


5.29 


13^.6 


2.15 


2.41 


0.76 


0.85 




Wi nter 


^.27 


108.6 


2.26 


2.54 


0.46 


0.52 




Spr Ing 


^.11 


103.8 


1.22 


1.37 


0.45 


0,51 


800 kg N 


Fall 


7.55 


1^1.2 


4.59 


5.16 


0.75 


0.84 




Winter 


^.9^ 


125.7 


7.22 


8.12 


0.73 


0.81 




Spring 


5.23 


133.1 


1.99 


2.23 


0.47 


0.53 




Check 


4.18 


106.4 


1.50 


1.69 


0.34 


0.38 
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TABLE ]]. Runoff in Summer Period, May 3 - November 19, 197^. 

Total nitrogen and phosphorus 

Slope and treatment Runoff Nitrogen Phosphorus 

In mm 1b/ac kg/ha Ib/ac kg/ha 



6% slope 














200 kg N Fall 


1.28 


32.5 


2.64 


2.96 


0.36 


0.39 


Winter 


1.09 


27.7 


1.96 


2.20 


o.ek 


0.71 


Spring 


0.70 


17.8 


0.91 


1.02 


0.21 


0.24 


Check 


1.11 


28.2 


1.60 


1.80 


0.58 


0.66 



2% slope 
















200 kg N 


Fall 


0.85 


21.6 


1.24 


1.40 


0.35 


0.39 




Winter 


0.53 


13.5 


0.71 


0.80 


0.36 


0.41 




Spring 


0.96 


24.4 


1.27 


1.42 


0.38 


0.43 


800 kg N 


Fall 


1.07 


27.2 


1.33 


1.50 


0.49 


0.55 




Winter 


0.94 


23.9 


2.08 


2.34 


0.64 


0.72 




Spr ing 


0.95 


24.1 


1.46 


1.64 


0.42 


0.52 




Check 


0.73 


18.5 


1,01 


1.14 


0.25 


0.28 



TABLE 12. Runoff in Fall Period, November 20, 197A - January U, 1975, 

Total nitrogen and phosphorus 

Slope and treatment Runoff Nitrogen Phosphorus 

In mm Ib/ac kg/ha Ib/ac kg/ha 

6% slope 

200 kg N Fall 0.15 3.8 0.71 0.79 0.19 0.22 
Winter 
Spring 

Check 

2% slope 

200 kg N Fall 0.05 1.3 0.13 0.15 0.08- 0.09 

Winter 
Spring 

Boo kg N Fall 0.60 15-2 11.79 13.21 2.68 3.00 
Winter 
Spring 

Check 0.03 0.8 0.02 0.03 0.01 0.01 



19 



TABLE 13. Total Runoff in Period, January - December, 197^. 

Total nitrogen and phosphorus 

Slope and treatment Runoff Nitrogen Phosphorus 

In mm. 1 b/ac kg/ha 1 b/ac kg/ha 



6^ slope 
















200 kg N 


Fall 


11.^0 


189.2 


6.71 


7.52 


\.hk 


1.61 




Winter 


6.77 


172.8 


7.58 


8.51 


2.10 


2.35 




Spring 


6.78 


172.5 


3.35 


3.76 


0.94 


1,06 




Check 


6.^8 


16^.9 


^.85 


5.45 


1.58 


1.78 


1% slope 
















200 kg N 


Fall 


6.19 


157.5 


3.52 


3.96 


1.19 


1.33 




Winter 


^.80 


122.1 


2.97 


3.34 


0.82 


0.93 




Spring 


5.0^ 


128.2 


2.^9 


2.79 


0.83 


0.94 


800 kg N 


Fall 


6.62 


186,6 


17.71 


19.87 


3.92 


4.39 




Winter 


5.88 


1^9.6 


9.30 


10.46 


1.37 


1.53 




Spring 


6.18 


157.2 


3.45 


3.69 


0.89 


1.05 




Check 


k.3h 


12^.9 


2.53 


2.86 


0.60 


0.67 
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TABLE 1^. 


Soluble Metals 


in Runoff, Winter Period, January 23 


- May 2, 


1974. 








Slope and 


1 treatment 


C 


u 


m 


Cd 


Pb 


■tm 


Hg 














kg/ ha x 


10"^ (Ib/ac X 10 ^) 






\ 




€>% slope 




























200 kg N 


Fall 


6.91 


( 6.2) 


2.69 


(2.4) 


0.46 


(0.4) 


11 .22 


(10,1) 


62.27 


(56.0) 


0.15 


(0.13) 




Winter 


13.07 


(11.8) 


2.18 


(1.9) 


0.58 


(0.5) 


16.99 


(15.3) 


87.15 


(78.4) 


0.14 


(0.13) 




Spring 


3.89 


( 3-5) 


1.01 


(0.9) 


0,16 


(0.1) 


15.57 


(14.0) 


48.28 


(43.5) 


0,15 


(0.13) 




Check 


^,81 


( 4.3) 


0.68 


(0.6) 


0.27 


(0.2) 


5.49 


( 4.9) 


23.36 


(21.0) 


0.14 


(0.13) 


2% slope 




























200 kg N 


Fall 


10.15 


( 9.1) 


1.35 


(1.2) 


0.13 


(0.1) 


8.13 


( 7.3) 


31.15 


(28.0) 


0.27 


(0.24) 




Winter 


7.6^ 


( 6,9) 


3.28 


(2.9) 


0.32 


(0.3) 


14.19 


(12.8) 


30.03 


(27.0) 


0.11 


(0.09) 




Spring 


6.26 


( 5.6) 


1 .04 


(0.9) 


0.21 


(0.2) 


6.77 


( 6.1) 


31.28 


(28.2) 


0.10 


(0.09) 


800 kg N 


Fall 


10.65 


( 9.6) 


2.13 


(1.9) 


0.28 


(0.2) 


9.94 


(8.9) 


46.84 


(42.2) 


0.14 


(0.13) 




Winter 


23.39 


(21.1) 


4.43 


(3.9) 


0.38 


(0.3) 


17.70 


(15.9) 


34.77 


(31.3) 


0.38 


(0.34) 




Spring 


8.03 


( 7.2) 


2,68 


(2.4) 


0.27 


(0.2) 


11.37 


(10.2) 


33.46 


(30.1) 


0.40 


(0.36) 




Check 


6.41 


( 5.8) 


1.60 


(1.4) 


0.21 


(0.2) 


13.89 


(12,5) 


32.06 


(28.9) 


0.43 


(0.38) 





TABLE 15. 


Solul 


ble Metal 


Is in Runoff, Summer Period, May 3 - 


Novembe 


r 19, 197A 


• 








Slope and treatment 


C 


:u 


h 


li 


Cd 


Pb 


Zn 


1 


Hg 












kg/ ha 


X lo"-^ 1 


[Ib/ac X 10 


■h 












6^ slope 




























200 kg N 


Fall 

Winter 

Spring 


2.2 

2.8 


(2.0) 

(2.1) 
(2.5) 


<0,02 
0.03 
0.03 


(<0.02) 
( 0.3) 
( 0.03) 


<0.02 
<0.02 
<0.02 


(<0.02) 
(<0.02) 
(<0.02) 


<0.02 

<0.2 

2.8 


(<0.02) 
(<0.2) 
( 3.5) 


<0.03 
0.1 
0.3 


(<0.03) 
( 0.1) 
( 0.3) 


0.02 

0.3 
0.1 


(0.02) 
(0.3) 

(0.1) 




Check 


1.9 


(1.7) 


<0.02 


(<0.02) 


<0.02 


(<0.02) 


<0.2 


(<0.2) 


2.1 


( 1.9) 


0.4 


(0.4) 


2% slope 




























200 kg N 


Fall 

Winter 

Spring 


0.9 
1.6 


(3.7) 
(0.8) 

(1.4) 


0.2 
<0.02 
<0.02 


( 0.2) 

(<0,02) 

(<0.02) 


0.02 
<0.02 
<0.02 


( 0.02) 
(<0.02) 
(<0.02) 


<0.2 

<0.2 

0.9 


(<0.2) 
(<0.2) 
( 0.8) 


1.6 

0.19 

0.7 


( 1.4) 
( 0.16) 
( 0.6) 


0.6 
0.6 
0.2 


(0.5) 
(0.5) 
(0.2) 


800 kg N 


Fall 

Winter 

Spring 


1.9 
1.7 
2.1 


(1.7) 
(1.5) 
(1.9) 


<0.02 
<0.02 
<0.02 


(<0.02) 
(<0.02) 
(<0.02) 


<0.02 
<0.02 
<0.02 


(<0.02) 
(<0.02) 
(<0.02) 


<0.2 

<0.2 

5.2 


(<0.2) 

(<0.2) 
( 4.6) 


0.1 
0.1 
0.1 


( 0.1) 
( 0.1) 
( 0.1) 


0.2 
0.1 
0.2 


(0.2) 
(0.1) 
(0.2) 




Check 


1.1 


(1.0) 


0.1 


( 0.1) 


0.02 


( 0.02) 


0.2 


( 0.2) 


1.2 


( 1.1) 


<0.1 


(<0.1) 



TABLE 16. Soluble Metals in Runoff, Fall Period, November 20, 197^ - January 14, 1975. 



Slope and treatment Cu Ni Cd Pb 2n Hg 

kg/ha x lO"^ (ib/ac x lO""^) 

(>% slope 

200 kg N Fall 0,3 C 0.3) 0.2 (0.2) <0.02 (<0.02) 0.36 (0.32) 0.38 (0.3^) <0.03 (<0.03) 

Winter 

Spring 

Check 

'^ 2% slope 

200 kg N Fall <0.1 (<0.l) 0.1 (O.l) <0.02 (<0.02) 0.10 (0.09) 0.13 (0.12) <0.02 (<0.02) 

Winter 
Spring 

800 kg N Fall 2.7 ( 2.if) 0.9 (0.8) <0.02 (<0.02) 3.4 (3.0) 1.5 (1.3) 0.1 (0.1) 

Winter 
Spring 

Check <0.0I (<0.01) 0.02 (0.02) <0.02 (<0.02) 0.13 (0.12) 0.1 (0.9) <0.01 (<0.0l) 



TABLE 17. Total Soluble Metals in Runoff, January - December, 197^. 



Slope and treatment Cu NI Cd Pb Zn Hg 



slope 



kg/ha x lO""^ (Ib/ac x 10~^) 



200 


kg N 


Fall 


9.11 


( 8.2) 


2.89 


(2.6) 


0.46 


(0.4) 


11 .58 


(10.44) 


62.65 


(56.3) 


0.35 


(0.33) 






Winter 


15.^7 


(13.9) 


2,48 


(2.2) 


0.58 


(0,5) 


16,99 


(15.3) 


87.25 


(78.5) 


0.44 


(0.43) 






Spr i ng 


6.69 


( 6.0) 


1 .04 


(0.9) 


0,16 


(0.1) 


18.35 


(16.5) 


48.58 


(43.8) 


0.25 


(0.23) 






Check 


6.71 


( 6.0) 


0.68 


(0.6) 


0.27 


(0.2) 


5.49 


( 4.9) 


25.46 


(22.9) 


0.54 


(0.53) 


ro 

■^ 1% i 


ilope 




























200 


kg N 


Fall 


14.25 


(12.8) 


1.65 


(1.5) 


0.15 


(0.1) 


8.23 


( 7.4) 


32.88 


(29.5) 


0.87 


(0.74) 






Winter 


8.54 


( 7.7) 


3.28 


(2.9) 


0.32 


(0.3) 


14.19 


(12.8) 


30.22 


(27.2) 


0.71 


(0.59) 






Spr ing 


7.86 


( 7.0) 


1.04 


(0.9) 


0.21 


(0.2) 


7.67 


( 6.7) 


31.98 


(28.8) 


0.30 


(0.29) 


800 


kg N 


Fall 


15.25 


(13.7) 


3.03 


(2.7) 


0.28 


(0.2) 


13.34 


(11.90) 


48.44 


(43.8) 


0.44 


(0.43) 






Winter 


25.09 


(22.6) 


4.43 


(3.9) 


0.38 


(0.3) 


17.70 


(15.9) 


34.87 


(31.4) 


0.48 


(0.44) 






Spring 


10.13 


( 9.1) 


2.68 


(2.4) 


0.27 


(0.2) 


16.57 


(14.8) 


33.56 


(30.2) 


0.60 


(0.56) 






Check 


7.51 


( 6.58) 


1.72 


(1.5) 


0.23 


(0.2) 


14.22 


(12.82) 


33.26 


(30.0) 


0.43 


(0.38) 



TABLE 18. Acid Extractable Metals in Runoff, Winter Period, January 23 - May 2, 197^- 



Slope and 


treatment 


Ci 


J 


N 


i 


Cc 


1 


Pt 


) 


Zr 


1 


HS 


1 














kg /ha > 


MO-3 


(Ib/ac X 1 


10"^) 










S% slope 
200 kg N 


Fall 

Winter 

Spring 


^2.28 

52.29 
2^.92 


(38.1) 

(^7.1) 
(22.^) 


28. H 
21.78 

19.46 


(25.6) 

(19.6) 
(17.5) 


2.46 
2.90 
1.56 


(2.2) 

(2.6) 
(1.4) 


80.72 

112.57 
56.06 


( 72.6) 
(101.3) 
( 50.5) 


247.5 
246.9 
143.3 


(222.8) 
(222.2) 
(128.9) 


0.46 
0.44 
0.31 


(0.41) 

(0.39) 
(0.28) 


_ 


Check 


kh.(>k 


(itO.2) 


37.77 


(33.9) 


1.92 


(1.7) 


92.72 


( 83.4) 


240.4 


(216.4) 


0.27 


(0.24) 


|o 

2% slope 
200 kg N 


Fall 

Winter 

Spring 


12.87 
1^.7^ 
13.03 


(11.6) 
(13.3) 

(n.7) 


10.38 

9.82 

11.47 


(9.7) 
(8.8) 

(10.3) 


1.35 
1.09 
1.04 


(1.2) 
(0.9) 
(0.9) 


20.99 
40.94 
39.09 


( 18.9) 
( 36.8) 
( 35.2) 


71.1 
68.8 
82.4 


( 63.9) 
( 61.9) 
( 74.2) 


0.68 
0.33 
0.10 


(0.61) 
(0.29) 
(0.09) 


800 kg N 


Fall 

Winter 
Spring 


19.87 
31.61 
1^.05 


(17.9) 
(28.4) 
(12.6) 


19.16 

9.48 

15.39 


(17.2) 

(8.5) 

(13.8) 


1.86 
1.51 
1.34 


(1.5) 
(1.4) 
(1.2) 


36.90 
26.55 
24.09 


( 33.2) 
( 23.9) 
( 21.7) 


109.3 
99.3 
96.4 


( 98.4) 
( 89.4) 
( 86.8) 


0.43 
0.76 
0.54 


(0.38) 
(0.68) 
(0.48) 




Check 


11.76 


(10.6) 


8.55 


(7.7) 


1.07 


(0.9) 


34.73 


( 31.3) 


76.4 


( 68.8) 


0.75 


(0.68) 



TABLE 19, Acid Extractable Metals in Runoff, Summer Period. May 3 - November 19, 197^. 



Slope and treatment Cu 



Ni Cd Pb 

kg/ha X 10"^ (Ib/ac x lO"^) 



Zn Hg 



6^ slope 

73.7 (65.8) ,,2.6(100.5) 4.5 (4.0) 203.4 (,8,.6) 363.9 (324.9) o4 (0 4) 

■nter 6, .5 ,54.9) 9O.6 (8O.9) 3.4 ( 3.0) ,74.3 (,55.6) 206,3 (,84.2) 

Sunder 24.9 (22.2) 49.3 (44.0) ,.2 (,.,) 82.0 (73.2) ,28.4 („4.6) 0.2 (0.2) 

Check 55.4 (49.5) 89.3 (79.7) 3., (2.8) ,45.5 (,29.9) ,37.0 (,22.3) 0.7 (0.6) 
°^ 2% slope 

200 .,N Pa„ 8.5 (7.6) 29.6 (26.4) ,.3 (,.2) 53.2 (47.5) 56.4 (50.4) 0., (0 , ) 

y' '■' ^'-'^ '3.6 (,2.,) 0.2 (0.2) 33.4 (29.8) ,9.5 (,7.4) 0., o', 

7.5 (6.7) ,5.6 (,3.9) ,.7 (,.5) 69.7 (62.2) 33.6 ( 30.O) 0.3 (0.3) 

800 .,N Pa„ 20.7 (,8.5) 5,.0 (45.5) ,.7 (,.5) 9,.5 (9,.7) ,,0., (98.3) 0.4 (0 4) 

W.nter 20.9 (,8.7) 33.5 (29.9) 20.2 (,8.0) 86.9 (77.6) ,,5., (,02.8) 0.4 (o'4 

Su^er 24.4 (2,.8) 57., (5,.0) ,.2 (,.,) 93.4 (83.4) ,32.6 („8.4) 0.3 (O.^) 

Check 16.9 (,5.,) 44.0(39.3) ,.6 (,.4) 93.2(83.2) 96.0 ( 85.7) <0. , (<o. ,) 



TABLE 20. Acid Extractable Metals in Runoff, Fall Period, November 20, 197^ " January 1^, 1975- 

Slope and treatment Cu NI Cd Pb Zn Hg 

kg/ha X lO"^ (ib/ac x 10~^) 



S% si 



ooe 



£* 



200 kg N Fall 87-7 ( 78.3) 8.6 { 7.7) 3.2 ( 2.9) 125.6 (112.1) U6.9 (131.2) 1.0 (0.9) 
Winter 
Spri ng 

Check 

"^ 2% slope 

200 kg N Fall 5.5 ( A. 9) 1.3 (1.2) 0.2 (0.2) 19.0 (17.0) TO. 9 ( 9-7) 0.6 (0.5) 

Winter 
Spring 

800 kg N Fall 375.6 (335.^) 35.3 (31.5) 11.5 (10.3) 600.9 (536.5) 661.0 (590.2) 7.7 (6.9) 
Winter 
Spring 

Check <0.1 ( <0.1) O.k { Q.k) <0.1 (<0.l) 1.7 ( 1.5) 2.8 ( 2.5) <0.1 (<0.1) 



TABLE 21. Total Acid Extractable Metals in Runoff. January - December, 1974. 



Slope and 


treatment 


Cu 


1 


Ni 




Cd 




Ph 


\ 


Zr 


1 


Hfl 


[ 














kg/ha 


X lO"-^ 


(Ib/ac X 


10"^) 










6% slope 
200 kg N 


Fall 

Winter 

Spring 


203.6 

113.8 

49.8 


(182.2) 
(102.0) 
( 44.6) 


149.6 

112.4 

68.9 


(133.8) 
(100.5) 
( 61.5) 


10.2 
6.3 
2.8 


( 9.1) 
( 5.6) 
( 2.5) 


409-7 
286.9 
138.1 


(366.3) 
(256.9) 
(123.7) 


758.3 
453.2 

271.7 


(678.9) 
(406.4) 

(243.5) 


1.86 
1.14 

0.51 


(1.71) 
(0.99) 
(0.48) 




Check 


100.0 


( 89.5) 


123.1 


(113.6) 


5.0 


( 4.5) 


238.2 


(213.3) 


377.4 


(338.7) 


0.97 


(0.84) 


°° 2% slope 
200 kg N 


Fall 
Winter 
Spr i ng 


26.9 
17.9 
20.5 


( 24.1) 
( 16.2) 
( 18.4) 


41.3 

23.4 

27.1 


( 37.3) 
( 20.9) 
( 24.2) 


2.9 
1.3 
2.7 


( 2.4) 

( 1.1) 
( 2.4) 


93.2 

74.3 
108.8 


( 83.4) 
( 66.6) 
( 97.4) 


138.4 

88.3 
116.0 


(124.0) 

( 79.3) 
(104.2) 


1.38 
0.43 
0.%J 


(1.21) 
(0.39) 
(0.39) 


800 kg N 


Fall 


416.2 


(371.8) 


105.5 


( 94.2) 


15.1 


(13.3) 


729.3 


(651.4) 


880.4 


(786.9) 


8.53 


(7.68) 




Winter 
Spring 


52.5 
38.4 


( 47.1) 
(34.4) 


42.9 
72.5 


( 38.4) 
( 64.8) 


21.7 
2.5 


(19.4) 
( 2.3) 


113.5 
117.5 


(101.5) 
(105.1) 


214.4 
229.0 


(192.2) 
(205.2) 


1.16 
0.84 


(i.oe) 

(0.78) 




Check 


28.7 


( 25.7) 


52.9 


( 47.4) 


2.7 


( 2.3) 


129.6 


(116.0) 


175.2 


(157.0) 


0.75 


(0.68) 






TABLE 22. Total COD in Runoff Water, Winter, 197^. 



Slope and treatment kg/ha Ib/ac 



6^ slope 

200 kg N Fall 88.9 80.0 

Winter 182.1 163-9 

Spring 97.3 87.6 

Check 180.3 162.3 

1% slope 

200 kg N Fall 102.6 91.6 

Winter 70.9 63.8 

Spring 73-7 66.3 

800 kg N Fall 121.0 108.9 

Winter 113.2 101.8 

Spring 119-8 107.8 

Check 68.0 61.2 
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TABLE 23. Total COD in Runoff Water, Summer, 197^, 



Slope and treatment kg/ha Ib/ac 

6^ slope 

200 kg N Fall 3^8.8 311.4 

Winter 421.2 376.0 

Spring 3^3.5 306.7 

Check 273.4 244.1 

2% slope 

200 kg N Fall 102.6 91.6 

Winter 54.6 48.7 

Spring 266.8 238.2 

800 kg N Fall 232.3 207.4 

Winter 225.0 200.9 

Spring 177.4 158.4 

Check 103.6 92.5 
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TABLE 2k. Total COD in Runoff Water, Fall, 1974. 



Slope and treatment kg/ha 1 b/ac 

6% slope 

200 kg N Fall 8 1.0 72.3 

Winter 

Spring 

Check 

2% slope 

200 kg N Fall 30.3 27.1 

Winter 

Spring 

800 kg N Fall 678.3 605.6 

Winter 
Spring 

Check ] A i.,^ 
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TABLE 25. Total COD In Runoff Water, January - December, 197^. 



Slope anc 


1 treatment 


kg/ ha 


Ib/ac 


6% slope 








200 kg N 


Fall 


518.7 


^63.7 




Winter 


603. 3 


539.9 




Spring 


kkO.S 


39^.3 




Check 


^53.7 


kOS.k 


2% slope 








200 kg N 


Fall 


235.5 


210.3 




Winter 


125.5 


112.5 




Spr ing 


3^0.5 


30^.5 


800 kg N 


Fall 


1031.6 


921.9 




Winter 


338.2 


302.7 




Spring 


297.2 


266.2 




Check 


173.0 


15^.9 
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^- FIELD RATE AND SOURCE EXPERIMENTS 

k. I Object i ves 

The objective of the field rate and source experiments is to 
determine the rate of three chemically treated sludges which may be safely 
used on typical Ontario soils without adversely affecting crop yields, 
or nitrate and heavy metal contents. 

h.2 Materials and Methods 

^.2.1 General 



Experiments are in progress on three soils: (l) Conestoga 
loam to sandy clay loam on the Elora Research Station, (2) Caledon 
loamy sand on the Cambridge (Hespeler) Research Station, (3) Oneida 
clay loam on the farm of David Sargent near Milton, At the Elora Research 
Station one experiment is in progress with corn (Zea Maj/A L.) as the crop 
and one with bromegrass {BKOJnuJi A.mnML& LeyeAi) . Only corn is being 
grown at the Cambridge and Milton sites. 

The following sources of nitrogen have been used: 

1) ammonium nitrate; 

2) fluid digested calcium treated sludge from the Newmarket treatment 
plant; 

3) fluid digested aluminum sulphate treated sludge from the Point 
Edward (1973) and Kitchener (197^) treatment plants; and, 

k) fluid digested ferric chloride treated sludge from the North Toronto 
treatment plant. 

The rates of nitrogen application each year from the sludges 



are: 



1) 178 lb N/ac (200 kg/ha) 2) 356 lb N/ac ( ^00 kg/ha) 
3) 712 lb N/ac (800 kg/ha) 4) ]kZh lb N/ac (l600 kg/ha). 

The rates of nitrogen application each year from ammonium 
nitrate are: 

1) .0 lb N/ac 2) 89 lb N/ac (100 kg/ha) 

3) 178 lb N/ac (200 kg/ha) k) 356 lb N/ac (ifOO kg/ha). 
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There are four nitrogen sources, four rates, and three replic- 
ations, resulting in a total of ^8 plots for each trial. The corn plot 
size is 15' X 25' (^.57 x 7.62 m) and the bromegrass plot size is 
8' X 20' {2.kk X 6.09 m). 

Analyses of samples from the three sludges obtained at differ- 
ent times through the season are presented in Tables 26 and 27- 

4.2.2 Bromegrass, Elora 

The grass trial was laid out on an established stand of brome- 
grass on the Elora research station on Conestoga sandy clay loam in the 
spring of 1973. Potassium chloride supplying 50 lb of KjO/ac (UJ Icg/ha) 
was broadcast on all plots in the spring of 1973 and supplying 97 lb of 
K-O/ac (90 kg K/ha) in the spring of 197^. Eighty-three lb ^2^S^^^ 
{kO kg P/ha) as k$% superphosphate was broadcast on the plots which 
received NH.NO, fertilizer in the spring of 1973 and 80 lb ^2^5^^^ 
(39 kg P/ha) in the spring of 197^*. The NH^NO^ was also broadcast on 
the specified plots and at the specified rates on May 9 in 1973. In 
197'i, the sludges and ammonium nitrate were applied to the grass plots 
during three periods, with each application being one-third of the total 
annual rate. The dates of nitrogen and sludge applications to grass in 
1974 were as follows: 

First application: Ammonium Nitrate May 1 

Ca - sludge Apri 1 26 
Al - sludge May 2 
Fe - sludge May 1 

Second application: Ammonium Nitrate June 21 

Ca - sludge June 20 
Al - sludge June 21 
Fe - sludge June 2k 

Third application; Ammonium Nitrate July 25 

Ca - sludge July 26 
Al - sludge July 26 
Fe - sludge July 25 
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In 197^, the bromegrass was harvested on June 17, July 22 and 
August 26. Drought conditions in July and August undoubtedly decreased 
the yields from the second and third harvests in 197^. 

if. 3 Results and Discussion 

Plant material from all trials was analysed for nutrient and 
metal content but, in general, only those data showing statistically sig- 
nificant treatment effects at 0.05 probability are presented in this report 
Corn seedlings were only analysed for macronutrients, not for micronu- 
trients and metals. 
/|.3. 1 Bromegrass 

Total amounts of nutrients and metals applied in the sludge in 
1973 and 197^ are presented in Table 28. The sludge resulting from cal- 
cium treatment of sewage caused a marked increase in sodium bicarbonate 
extractable ("available") phosphorus in the surface soil (Table 29). The 
calcium sludge also raised the soil pH (Table 30). 

Total yields of bromegrass from the grass experiment as har- 
vested in three consecutive cuttings in 197^ are presented in Tables 
29, 30. 31 and 32. Yield increased with each increase in rate of ammonium 
nitrate. The sludges resulting from aluminum sulphate and ferric chloride 
produced similar yields to ammonium nitrate but at twice the rate of 
nitrogen. The sludge resulting from lime treatment of sewage produced 
lower yields at low rates of application, but higher yields at higher 
rates of application, than the other sludges. This effect was less marked 
in the third than in the first and second cuttings. In 1973, the aluminum 
sludge from Point Edward produced lower yields than the other two sludges. 
The aluminum sludge used in 197^ was from Kitchener and produced yields 
very similar to those with the iron sludge. Any undesirable effects of 
the Point Edward sludge apparently dissipated before the 197^ growing 

season. 

Total nitrogen concentrations in all three cuts of bromegrass 

were markedly increased by all sources of nitrogen (Tables 35. 36 and 37) 

and the nitrate nitrogen concentration (Tables 38, 39 and kO) , The total 

nitrogen concentration in bromegrass tended to be lower with the calcium 
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sludge than with the other sludges, except at the highest rate of application 
in the third cut. This appears to follow the yield patterns, suggesting 
that the differences in yield between sludges may be largely due to diff- 
erences in nitrogen availability. Nitrate nitrogen approached toxic levels 
for animals in the highest rate of sludge application. Sludges applied 
at 800 lb N/ac produced approximately the same yield as 400 lb N/ac for 
arrenonium nitrate but somewhat lower total and nitrate N concentrations. 

Phosphorus concentrations in the bromegrass were reduced by 
all sources of nitrogen {Tables 41, 42 and 43). At low rates of applica- 
tion the sludges increased the phosphorus concentrations over those with the 
lowest rate of ammonium nitrate. The calcium sludge at low rates of appli- 
cation resulted in higher concentrations of phosphorus than the other sludges 
and a similar trend was apparent in 1973» confirming the higher concentra- 
tions of "available" phosphorus measured in the soil (Table 29). The 
effects of treatment on phosphorus concentration in the bromegrass were 
greatest in the first cut and least in the third cut. 

Potassium concentrations in bromegrass were reduced by all 
sources of nitrogen (Tables 44, 45 and 46). The iron sludge resulted in 
slightly lower potassium concentrations than the other two sludges al- 
though the three sludges supplied about the same amount of potassium. 

Calcium concentrations in bromegrass were increased by nitrogen 
application regardless of source (Table 47) but were not affected by source 

of sludge. 

Magnesium concentrations in the bromegrass, in general, de- 
creased with increasing nitrogen application (Tables 50, 51 and 52). 
Although the calcium sludge supplied more manganese (Table 28) than the 
other sludges it resulted in the lowest manganese concentration in the 
forage. This is probably due to the increased soil pH with calcium 

sludge (Table 30). 

Iron concentrations in the first and third cuts of bromegrass 
were affected by sludge additions but the effects do not follow a clear 
pattern. The iron sludge resulted in higher iron concentrations in 

bromegrass. 

Aluminum concentrations of bromegrass only showed treatment 
differences in the third cut (Table 55). In the third cut. nitrogen de- 
creased aluminum concentration and calcium sludge resulted in lower 
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aluminum concentrations than the other sludges, probably because of the 
higher soil pH. This is similar to the pattern with manganese. 

Copper concentrations In bromegrass were increased by nitrogen 
application (Tables 56, 57 and 58). The calcium sludge produced slightly 
lower copper concentrations in the grass than the other sludges, probably 
a reflection of the smaller amounts of copper added with the calcium 

sludge (Table 28). 

Zinc concentrations in all three cuts of bromegrass were in- 
creased by nitrogen application (Tables 59, 60 and 61), The sludges 
appeared to increase zinc content more than equivalent rates of nitrogen 
from ammonium nitrate. Differences In zinc concentration of bromegrass 
between sludges were statistically significant in the first two cuts 
but small and not consistent. 

Cadmium concentrations in bromegrass were, in general, increas- 
ed by nitrogen application (Tables 62, 63 and dk) , The concentrations of 
cadmium were quite low and no higher with sludge than with ammonium 
nitrate. The lime sludge resulted in lower cadmium concentrations than 
the other sludges, probably because of the higher soil pH with calcium 

sludge. 

Chromium concentrations in the third cut of bromegrass were 
reduced slightly by nitrogen application (Table 65). The aluminum sludge 
resulted in higher chromium concentrations than the other sludges, pro- 
bably a reflection of the much larger additions of chromium. 

Nickel concentrations in the third cut of bromegrass were sig- 
nificantly higher with the aluminum sludge than with the other sludges 
(Table 66), probably a reflection of the higher nickel content in this 
sludge. 

Mercury concentrations in the first cut of bromegrass were 
significantly decreased by sludge application (Table 67). The data 
do not show clearly whether ammonium nitrate can produce the same effect. 

^.3.2 Corn 

Field operations on the three corn trials are outlined in 
Table 68, and the total amounts of nutrients and metals applied during 
1973 and 197^ to each of the three sites in the sewage sludges are pre- 
sented in Tables 69, 70 and 71. 



The 197^ season started with a wet spring which resulted in 
a slight delay in seeding at EJora and an extended delay at Milton, 
{optimum seeding date is May 10-15). July, August and September were 
quite dry but the drought did not appear to affect the crop at Elora to 
any marked extent. The corn at Cambridge grew very well early in the 
season but on this sandy soil water became limiting and yields were somewhat 
reduced. The Milton crop suffered from the combined effects of late 
planting and an earlier drought than the other sites. Plants showed serious 
drought stress at a very early stage with the result that the final crop 
was uneven and very poor. Frost on September 23 ended the growing season 
at Milton but the corn at Elora was very close to maturity at that time 
and the Cambridge corn was ready for harvest. 

Corn seedlings at the three sites were not ail sampled at the 
same stage of development but some effort was made to sample at the 
six-leaf stage. The sludge appeared to produce at least as rapid early 
growth as chemical fertilizers and the iron sludge produced greater 
weights per plant than the other sludges, although this was only significant 
at the Cambridge site (Tables 72, 73 and 7^)- A similar pattern was shown 
in rate of emergence of seedlings at Cambridge as measured by the number 
of plants emerged at 17 days (Table 75). At Elora the rate of maturity 
as measured by the percentage of plants silked at 73 days also showed the 
iron sludge treatments to be more advanced (Table 76). There was some 
tendency for the two middle rates of sludge to produce greater weights of 
seedlings than the lowest or highest rate, although this was only signifi- 
cant at Elora (Table 72) . 

Grain yields were similar with ammonium nitrate as with the 
sludges at Elora and Cambridge (Tables 77 and 78) but much higher with 
the sludges at Milton (Table 79). The soil at Milton has a serious 
structural problem which appeared to affect the crop adversely in 197^. 
It seems possible that the sludges increased yields by improving soil 
structure. There was an appreciable response to nitrogen from ammonium 
nitrate, and what appears to be a response to nitrogen from sludge at 
both Elora and Milton, but a much smaller response at Cambridge. 

Corn stover yields, in general, followed similar patterns to 
those with grain yields although differences were less marked (Tables 
80, 81 and 82). 
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Lodging of corn was significantly affected by treatment at 
Milton (Table 83) but the reasons for differences are not readily 
apparent. 

Soil pH sampled in the fall of 1973 was highest with the calcium 
sludge at all three sites (Tables 8^, 85 and 86). There was a tendency 
for the other two sludges to lower soil pH, but less than one quarter as 
much as similar rates of nitrogen from ammonium nitrate. 

Total nitrogen concentrations in corn seedlings responded to 
nitrogen treatments at Cambridge but not at Elora (Tables 87 and 88). 
At Elora and Cambridge nitrogen concentration in seedlings was lower with 
the calcium sludge than with the other two sludges. Total nitrogen concen- 
trations in corn grain were affected by nitrogen rates. About twice as 
much total nitrogen was required from sludge as from ammonium nitrate to 
produce a particular nitrogen concentration at Elora and Cambridge (Table 
89), but about four times as much sludge nitrogen is required at Milton 
(Table 92). 

Nitrate nitrogen in the corn stover increased with nitrogen 
rates at Elora, Cambridge and Milton (Tables 90 and 91) and was higher 
with the iron sludge than with the other sludges at Milton (Table 91). 
In the corn stover, nitrogen concentration was as high with sludge as with 
equal rates of nitrogen from ammonium nitrate at Elora and Cambridge, 
but not at Milton (Table 90). The greater yields with sludge at Milton 
are apparently not due to nitrogen, but to a dilution of the nitrogen in 
the plants. 

Soil phosphorus extracted by sodium bicarbonate from the surface 
soil increased with increasing rates of sludge application at all three 
sites and was much higher with the calcium sludge than with the other 
sludges at each site (Table 93, 9^ and 95)- This difference occurred in 
spite of an appreciably smaller amount of phosphorus added in the calcium 
sludge (Tables 69, 70 and 71). 

Phosphorus concentrations in corn seedlings were significantly 
affected by treatment at all three sites but differences were small and 
did not follow a consistent pattern (Tables 96, 97 and 98). Phosphorus 
concentration in corn grain was slightly higher with the calcium sludge 
than with the other two sludge at Elora (Table 99)- 
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Potassium concentrations in corn seedlings at all three sites 
(Tables 100, 101 and 102) and in corn stover at Elora and Milton (Tables 
103 and 10^) were lower with the calcium sludge than with one or both of 
the other sludges, in spite of larger additions of potassium with the 
calcium sludge at Elora and Cambridge (Tables 70 and 71). The lower potass- 
ium concentrations in plants with the calcium sludge were due either to 
competition for uptake with the very large amounts of calcium added in the 
calcium sludge, or to the slightly greater amounts of magnesium. Increasing 
rates of sludge tended to increase potassium concentration in plant tissue 

(Tables 89, 90, 91, 92 and 93). 

Calcium concentrations in corn seedlings and corn stover from 
Milton were highest with the calcium sludge (Tables 105 and 106) and 
increased with increasing rates of nitrogen from ammonium nitrate or 
sludge in corn stover at Cambridge and Milton (Tables 90 and 106). 

Soil magnesium extracted by ammonium acetate (exchangeable 
magnesium) was affected by treatment at Elora and Milton, but there is 
no consistent pattern across sites (Tables 107 and 108). 

Magnesium concentrations in corn seedlings from Elora decreased 
with increasing rates of sludge (Table 109). Magnesium concentrations 
in corn seedlings from Cambridge (Table 110) and in corn stover from 
Elora (Table 111) were higher with the calcium sludge than with the 

other two sludges. 

Iron concentrations In corn stover were only affected by treat- 
ment at Milton (Table 112) which showed higher iron from the aluminum 
sludge. Iron concentrations in corn stover were very high and the samples 
were undoubtedly contaminated from soil splashing up on the corn stalks, 
particularly where the stalks lodged. Iron concentrations in corn grain 
from Elora were highest with the 200 kg N/ha rate of sludge (Table 89). 

Aluminum concentrations in corn stover from Milton increased 
with increasing rates of nitrogen from ammonium nitrate, but decreased 
with increasing rates of sludge (Table 91). As in the case of iron, 
soil contamination is believed to have added appreciably to aluminum 
concentrations measured in the corn stover. 

Copper concentrations in the corn stover from Milton increased 
with increasing rate of nitrogen from ammonium nitrate or sludge, but 



kO 



concentrations reached as high levels with ammonium nitrate as with sludge 
(Table 91). 

Chromium concentrations in corn stover from Cambridge and Milton 
were higher with the aluminum sludge than with other sources of nitrogen 
(Table 113). This was no doubt due to the much larger amounts of chromium 
added in the aluminum sludge. 

Lead concentrations in corn stover from Milton were highest 
with calcium sludge and lowest with iron sludge; ammonium nitrate and 
aluminum sludge were intermediate (Table 113)- Concentration is inversely 
related to amount added from the sludges, in this case. 

Mercury concentrations in corn stover from Milton were signi- 
ficantly higher with the iron sludge than with other treatments (Table 113). 
The amount of mercury added was greater with the iron sludge. In corn 
grain from Milton, mercury ^/as lowest with the iron sludge (Table 114). 

Nickel concentrations in corn stover from Milton increased with 
increasing rates of nitrogen from ammonium nitrate but decreased with 
increasing rate of nitrogen from sludge (Table 91). Nickel concentrations 
in corn stover from Elora were much higher with the highest rate of 
aluminum sludge than with any other treatment (Table 115). More nickel 
was added in the aluminum sludge (Table 69). 

Zinc concentrations in corn stover increased with rate of 
nitrogen from anmionium nitrate at Elora and Cambridge (Tables 116 and 117) 
and in corn grain at Cambridge (Table 89). Zinc concentration in corn 
stover was doubled by increasing rates of sludge at Elora and Cambridge 
(Tables 116 and 117). Increases in zinc concentrations with increasing 
sludge rates were also observed in corn stover at Milton (Table 118) 
and in corn grain at Elora and Cambridge (Tables 119 and 89). The zinc 
concentration in corn stover at Elora, Cambridge and Milton, and in corn 
grain at Elora, were lower with the calcium sludge than with the other 
sludges (Tables 116, 117. 118 and 119). 

For reference purposes the concentrations of nutrients and metals 
in corn grain and stover from treatments receiving approximately recommended 
rates of commerical fertilizers are presented in Tables 120 and 121. 
In the corn stover, aluminum and iron values are probably greatly over- 
estimated due to contamination with soil. 
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TABLE 26. Chemical Composition of Sludges Obtained from Sewage Treatment Plants on Various Dates (fluid 
weight basis). 



Si udge 


Date 


pH 


D.M. 


N 


Sol N 


Exch. N 


p 


K 


Ca 


Mg 


Al 


Fe 


Na 








% 


.1. 


ug/g 


ug/g 


1 


% 


% 


% 


% 


% 


ug/g 




24/^4/7^ 


7.1 


13.9 


18 


335 


5 


.12 


.01 


3.27 


.05 


.06 


.1 1 


139 




26/4/7^ 


7.0 


14.9 


18 


338 


§G. 


.14 


.02 


3.58 


.05 


.06 


.Ob 


129 


Ca 1 c I um 


23/5/74 


7.2 


7.6 


15 


285 


8 


.08 


.01 


1.75 


.03 


.03 


.06 


134 


New 


19/6/74 


7.1 


6.2 


14 


374 


ik 


.13 


.01 


1.35 


.03 


.02 


.10 


138 


Market 


25/7/74 


7.2 


6.7 


12 


363 


M 


.09 


.01 


1.68 


.04 


.03 


.06 


150 


^ 
^ 


Average 


7.1 


9.9 


15 


339 


It 


.11 


.01 


2.33 


.04 


.04 


.08 


138 




lB/4/74 


7.3 


6.5 


28 


1250 


t4 


.19 


.01 


.65 


.06 


.16 


.07 


240 




1/5/74 


7.4 


3.7 


24 


950 


3t 


.13 


.01 


.35 


.04 


-13 


.03 


203 


Al umi num 


8/5/74 


7.2 


6.7 


30 


1175 


m 


.23 


.01 


.65 


.05 


.19 


.07 


221 


Sludge 


20/6/74 


7-3 


6.5 


31 


1238 


m 


.21 


.01 


.73 


.06 


.22 


.12 


250 


Kitchener 


25/7/74 


7.4 


3.5 


24 


1041 


M 


.13 


.01 


.40 


.04 


.16 


.04 


350 




Average 


7.3 


5.4 


27 


1131 


m 


.18 


.01 


.56 


.05 


.17 


.07 


253 




17/4/74 


7-3 


6.1 


30 


825 


11 


.29 


.01 


.24 


.04 


.08 


.^5 


158 




30/4/74 


7.2 


6.2 


30 


913 


m 


.26 


.01 


.25 


.04 


.08 


.43 


149 




2/5/74 


7.1 


7.2 


33 


950 


n 


.33 


.01 


.29 


.04 


.10 


.52 


158 


1 ron 


24/5/7A 


7.1 


6.1 


.30 


900 


53 


.27 


.01 


.31 


.04 


.08 


.40 


146 


North 


24/6/74 


7.1 


6.8 


.30 


913 


a 


.28 


.02 


.38 


.05 


.10 


-54 


150 


Toronto 


25/7/74 


7.2 


6.1 


.30 


819 


63 


.27 


.02 


.33 


.04 


.16 


.51 


128 



Average 7-2 



6.4 



30 



887 



28 



02 



30 



04 



48 



148 



TABLE 27. Micronutrient and Metal Content of Sludges Obtained from Treatment Plants on Various Dates 



5 ludge 


Date 


m 


Cr 


Cu 

yg/g 


(f 


Kg 

uid wt. 


Mn 
basis) 


Ni 


1% 


Zn 


B 




ihmn^ 


.11 


6.3 


24 




.1^ 


53 


2.8 


17 


56.99 


1 




1^/knh 


.15 


4.8 


22 




.16 


55 


3.6 


16 


83.44 


1 


Calcium 


2^/^nh 


.Tl 


l.h 


13 




. 11 


33 


1.5 


10 


33.21 


1 


New 


19/6/7A 


.33 


1.8 


18 




.17 


42 


1.5 


11 


50.00 


2 


Market 


25/7/7^ 


.38 


1.5 


14 




.15 


35 


1.5 


8 


58.00 


2 



Average 



.24 



3.35 



44 



2.2 



13 



56.33 







18/4/74 


.68 


618 


41 


.15 


16 


31.2 


28 


308.75 


2 






1/5/ 74 


.28 


370 


20 


.07 


9 


17.4 


13 


166.50 


1 


VjO 




8/5/ 74 


.m 


637 


37 


.27 


16 


30.2 


24 


301.50 


2 




Aluminum 


20/6/74 


.53 


625 


70 


.23 


18 


26.0 


24 


375.00 


2 




Kitchener 


25/7/74 


.45 


325 


22 


.12 


9 


13.3 


13 


200.00 


3 






Average 


.49 


515 


38 


.17 


14 


23.6 


21 


270.35 


2 






17/4/74 


1.68 


29.0 


82 


.98 


25 


2.4 


119 


164.70 


1 






30/4/74 


1.58 


25.7 


81 


1.22 


24 


1.9 


118 


170.50 


2 






2/5/74 


1.94 


33.8 


97 


1.58 


29 


2.2 


144 


205.20 


1 




1 ron 


24/5/74 


1.53 


25.6 


82 


1.46 


24 


1.8 


113 


170.80 


1 




North 


21/6/74 


1.88 


22.5 


95 


1.90 


26 


2.3 


133 


188.00 


2 




Toronto 


25/7/74 


1.68 


27.5 


85 


2.50 


25 


2.8 


118 


185.00 


2 



Average 



1.72 



22.8 



87 



.61 



25 



2.2 



124 



180.70 



TABLE 28. Total Amounts of Various Nutrients and Metals in Sludges Applied 
in 1973 and 197^ at the Rate of 178 lb N/ac (200 kg/ha) on Elora 
Grass Plots. 





Calcium Sludge 


Aluminum Sludge 


1 ron 


Sludge 


Const! tuents 


Ib/ac 


kg/ha 


Ib/ac 


kg/ha 


Ib/ac 


: kg/hg 


Total N 


356 


400 


356 


400 


356 


400 


Soluble N 


81 


91 


125 


141 


107 


120 


Exch. N 


^.5 


5.0 


7.2 


8.1 


12 


14 


Sol ids 


2081 1 


23384 


9538 


10717 


8016 


9007 


'iS 


611 




693 




831 




P 


267 


300 


303 


341 


363 


408 


KG 


67 




n 




67 




K 


28 


32 


22 


25 


28 


32 


Ca 


5138 


5773 


500 


562 


354 


398 


Mg 


115 


129 


63 


71 


58 


65 


NaA 


36 


40 


36 


42 


16 


18 


Al 


61 


69 


518 


582 


134 


151 


Fe 


152 


171 


74 


83 


307 


345 


Cd 


.09 


.10 


.08 


.09 


.20 


.22 


Cr 


.61 


.69 


34 


38 


3.3 


3.7 


Cu 


4.17 


4.69 


6.4 


7.2 


12 


13 


Hg 


.Oh 


.04 


.03 


.03 


.18 


.21 


Mn 


8.0 


9-0 


1.4 


1.6 


3-2 


3.6 


Ni 


.43 


.48 


1.7 


1.9 


.33 


.37 


Pb 


1.8 


2.0 


3.0 


3.4 


12 


.14 


Zn 


16 


18 


23 


26 


22 


25 


BA 


.50 


.56 


.30 


.34 


.24 


.28 



Sodium and B not determined in 1973. Values presented are based on 
1974 analysis. 
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TABLE 29. Sodium Bicarbonate Extractable Phosphorus in Surface Soil (0-6 in) 
Elora Grass, Fall, 1973-* 



Ni troge 


:n 
(kg/ha) 






Nit 


rogen Source 




Rate 
Ib/ac 


Ammon i um 
Nitrate 


Calcium 
Sludge 


Aluminum 1 ron 
Sludge Sludge 


Sludge** 
Average 










yg/g 









(0) 


ir^ 










89 


(100) 


lOa 










178 


(200) 


6a 


fa 


7a 


7a 


8 


356 


(400) 


6a 


14a 


8a 


6a 


9 


712 


(800) 




30b 


8a 


11a 


16 


\k2k 


(1600) 




108b 


12a 


12a 


Vt 


Average** 




ho 


s 


9 


19 



CV=28^ 



* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

** Source and rate of sludge and the source - rate Interaction are significant 
effects at 0.01 probability by "F" test. 
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TABLE 30. pH in Soil Water Paste of Surface Soil (0-6 in). Elora Grass, 
Fall, 1973.^ 



Ni trog 


en 
(kg/ha) 






Ni trogen 


Source 




Rate 
Ib/ac 


Ammon i um 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Sludge^* 
Average 





(0) 


7.2ab 










89 


(100) 


7. lab 










178 


(200) 


7.3bc 


7. lab 


7. lab 


7. lab 


7.1 


356 


(400) 


7.3abc 


l.kbc 


7.3abc 


7.3bc 


7.3 


712 


(800) 




7.5c 


7.0ab 


7. lab 


7.2 


U2^ 


(1600) 




7.6c 


7. lab 


6.9a 


7.2 


Average*'^ 




7.4 


7.1 


7.1 


7.2 



CV=2.5% 

" Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

•>" Sources of sludge are significantly different at 0.01 probability and 

source - rate interactions are significantly different at 0.05 probability 
by "F" test. 
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TABLE 31. Annual Dry Matter Yield of Bromegrass from Three Cuttings.* 
Elora. 1974. 



N i t rogen 




Nitr 


-ogen Source** 






Rate 
Ib/ac (kg/ha) 


Ammonium 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


Iron 
Sludge 


Sludge 
Average 






dry matter 


- Ib/ac (l<g/ha) 


1 





(0) 


890 a 
(990) 










89 
(100) 


2750 be 
(3080) 










178 
(200) 


4120 cf 
(4620) 


2160 b 
(2420) 


3220 cd 
(3600) 


3060 cd 
(3430) 


2810 
(3150) 


356 
(400) 


6030 h 
(6750) 


3650 de 
(4090) 


4820 g 
(5410) 


4770 fg 
(5340) 


4410 
(4950) 


712 
(800) 




6340 h 
(7100) 


6060 h 
(6790) 


6240 h 
(6990) 


6210 
(6960) 


1424 
(1600) 




6990 i 
(7840) 


6150 h 
(6896) 


5960 h 
(6680) 


6370 
(7140) 


Average** 




4790 
(5360) 


5060 
(5680) 


5010 
(5610) 


4950 
(5550) 



*|ndividual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 

**Rate of sludge and the source-rate interaction are significantly different 
at 0.05 probability by "F" test. 
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TABLE 32. Dry Matter Yield of First Cut (June 17) Bromegrass. Elora, 1974.* 









Nitrogen Source** 




Nitrogen 












Rate 


Ammonium 


Calcium 


Aluminum 


1 ron 


Sludge** 


Ib/ac (kg/ha) 


Nitrate 


Sludge 


Sludge 


Sludge 


Average 






dry 


matter - Ib/ac 


(kg/ha) 







640 a 










(0) 


(720) 










89 


1800 be 










(100) 


(2010) 










178 


2620 de 


1320 b 


2030 c 


1880 be 


1740 


(200) 


(2940) 


(1480) 


(2280) 


(2110) 


(1950) 


356 


4040 fg 


2140 cd 


2960 e 


2870 e 


2660 


(400) 


(4530) 


(2400) 


(3320) 


(3220) 


(2980) 


712 




3900 fg 


4010 fg 


4090 fg 


4000 


(800 




(4370) 


(4490) 


(4590) 


(4480) 


1424 




4470 g 


3990 fg 


3790 f 


4080 


(1600) 




(5010) 


(4470) 


(4240) 


(4570) 


Average 




2960 

(3310) 


3250 
(3640) 


3160 

(3540) 


3120 
(3500) 



*lndividual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 

**Rate of sludge and source-rate interaction are significantly different at 
0.05 probability by "F" test. 
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TABLE 33. Dry Matter Yield of Second Cut (July 22) Bromegrass. Elora, 197^.* 



712 
(800) 

1^2^ 
(1600) 



Nitrogen Source** 

'Rate*" Anvnonium Calcium Aluminum \7^ sTUdST" 

Ib/ac (kg/ha) Nitrate Sludge Sludge Sludge Average 



dry matter - Ib/ac (kg/ha) 



b 180 a 

(0) (200) 

89 650 be 

(100) (730) 



178 1210 fq 5^0 b BkO cd 920 de 770 

ill) (1360)' (600) (9A0) (1030) (860) 

356 1500 hi 1110 ef 1^10 gh J!!^^ hi 1330 

(^00) (1720) (1250) (1580) (1650) (1^90) 

ISAO j 1520 hi 1660 ij ' 1680 

(2070) (1710) (i860) (1B80) 

1690 ij 1320 fgh 1A80 hi - 1^90 

(1890) (1^70) (1660) (^670) 

"l296 "1271 1380 1320 

Average (^i^jO) (12*30) (1550) (1^80) 



AIndividual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 

*ARate of sludge and source-rate interaction are significantly different at 0.05 
probability by "F" test. 
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TABLE 34. Dry Matter Yield of Third Cut (August 26) Bromegrass. Elora. 1974.* 



Nitrogen 






Nitrogen Source 




Rate 
Ib/ac (kg/ha) 


Ammon i urn 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


I ron 
Sludge 


Sludge** 
Average 






dry 


matter - Ib/ae 


(kg/ha) 





(0) 


60 a 
(70) 










89 
(100) 


300 be 
(340) 










178 
(200) 


280 b 
(320) 


310 be 
(340) 


340 bed 
(380) 


260 b 
(290) 


300 
(340) 


356 
(400) 


450 bcde 
(500) 


400 bcde 
(450) 


460 bcde 
(510) 


430 bcde 
(480) 


430 
(480) 


712 
(800) 




590 ef 
(660) 


530 def 
(590) 


490 cde 
(550) 


530 
(600) 


1424 
(1600) 




840 g 
(940) 


850 g 
(950) 


690 fg 
(780) 


790 
(890) 


Average 


530 
(600) 


540 
(610) 


470 
(520) 


510 
(580) 



*Individual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 

**Rates of sludge are significantly different at 0.05 probability by "F" test. 



50 



TABLE 35. Nitrogen Concentration in First Cut (June 17) Bromegrass. Elora. 



Ni troge 


n 
(kg/ha) 






Nitrogen 


Source 




Rate 
Ib/ac 


Ammon i urn 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Sludge** 
Average 





(0) 


1.77ab 




^ - N 






89 


(100) 


1.72a 










178 


(200) 


2.10abc 


1.90ab 


1.88ab 


1.82ab 


1.87 


356 


(400) 


2.72d 


1.88ab 


1.97ab 


2.07abc 


1.97 


712 


(800) 




2.20bc 


2.82d 


2.65d 


2.56 


1^2^ 


(1600) 




2.48cd 


2.87d 


2.87d 


2.74 


Average** 




2.12 


2.38 


2.35 


2.28 


CV=10,1 


5 % 













Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

Sources of sludge are significantly different at 0.01 probability and 
rates of sludge are significantly different at 0.05 probability by "F" 
test. 
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TABLE 36. Nitrogen Concentration in Second Cut (July 22) Bromegrass, 
Elora, 1974. A 



■> 






^ 










Ni trogen 


1 






Nit 


rogen Source 






Rate 


Ammon 1 urn 


Calcium 




Aluminum 


1 ron 


Sludge** 


Ib/ac 


(kg/ha) 


Nitrate 


Sludge 




Sludge 


Sludge 


Average 








% • 


- N 











(0) 


2.75a 












89 


(too) 


2.78a 






#- 






178 


(200) 


3.17bc 


2.85ab 




2.80a 


2.65a 


2.77 


356 


(400) 


4.17e 


2.93ab 




3.38c 


3.47c 


3.26 


712 


(800) 




3.78d 




4.15e 


4.17c 


4.03 


1^2^ 


(1600) 




4.25e 




4.37e 


4.38e 


4.33 


Average- 


A 




3.45 




3.68 


3.67 


3.60 



CV-5.4% 



-,■:* 



Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

Sources of sludge are significantly different at .05 probability and rates 
of sludge are significantly different at .01 probability by "F" test. 
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TABLE 37. Nitrogen Concentration in Third Cut (August 26) Bromegrass. Elora, 

1974. A 



Ni tro( 


3en 

(kg/ha) 






N i t rogen 


Source 




Rate 
Ib/ac 


Ammon 1 um 
Nitrate 


Calcium 

Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Sludge** 
Average 










% - H 




\ 





(0) 


2.92a 










89 


(100) 


3.23b 










178 


(200) 


3.^7cd 


3.18b 


3.10ab 


3.07ab 


3.12 


356 


(^00) 


^.05fg 


3.28bc 


3.83ef 


3.65de 


3.59 


712 


(800) 




A.17g 


4.17g 


^.13g 


4.16 


142^1 


(1600) 




k.kS\ 


^.22gh 


^.32hi 


4.38 


Aver a 


ge*A 




3.78 


3.83 


3.82 


3.81 



CV=3.5^ 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

** Rate of sludge and the source-rate interaction are significant effects 
at 0.01 probability by "F" test. 
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TABLE 38, Nitrate Nitrogen Concentration in First Cut (June 17) Bromegrass. 
Elora, 1974. A 



Nitrogen Nitrogen Source 



^^^^ Ammonium Calcium Aluminum Iron Sludge-- 

Ib/ac Ckg/ha) Nitrate Sludge Sludge Sludge Average 






(0) 


89 


(100) 


178 


(200) 


356 


(400) 


712 


(800) 


kzk 


(1600) 



Average 



- N 



0.000a 0.002 

0.000a 0.000 

0.031ab 0.042 

Q.lOld 0.081 

0.024 0.037 0.033 0.031 



0.000a 




% ' NO^ 


0.000a 






0.011a 


0.003a 


0.003a 


0.047bc 


0.000a 


0.000a 




0.027ab 


0.068c 




0.066c 


O.077cd 



CV=69% 

A Individual treatments not followed by a common letter are significantly 
different at O.O5 probability. 

•.^^v Rates of sludge are significantly different at 0.01 probability by "F" 
test. 
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TABLE 39. Nitrate Nitrogen Concentration in Second Cut (July 22) Bromegrass. 
Elora, 1974.* 



Ni trogen 


:g/ha) 






Nitrogen 


Source 




Rate 
Ib/ac {V 


Ammon i urn 
Nitrate 


Cal cium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Sludge-'^-^ 

Average 





(0) 


0.015a 


% - NO- - 


' N 






89 


(100) 


0.007a 










178 


(200) 


0.010a 


0.011a 


0.003a 


0.009a 


0.008 


356 


(^00) 


0.085bc 


O.OI^a 


0.021ab 


0.021ab 


0.018 


712 


(800) 




0.070abc 


0.103cd 


0.103cd 


0.092 


]k2k 


(1600) 




0.159d 


0.088c 


0.136cd 


0.128 


Average 






0.063 


0.05^ 


0.067 


0.061 



CV=68% 

A Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

AA Rates of sludge are significantly different at 0.01 probability by "F" 
test. 
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TABLE kO. Nitrate Nitrogen Concentration in Third Cut (August 26) Bromegrass 
Elora, 1974.* 



Ni troge 


sn 
(kg/ha) 






Ni trogen 


Source 




Rate 
Ib/ac 


Ammon i um 
Nitrate 


CaIci um 
Sludge 


Aluminum 
Sludge 


1 ron 

S 1 udge 


Sludge** 
Average 





(0) 


0.007ab 


% ■ 


■ NO^ - N 






89- 


(100) 


0.0I3ab 










178 


(200) 


O.OOgab 


0.000a 


0.005a 


0.013ab 


0.006 


356 


(400) 


0.049c 


0.000a 


0.0]6ab 


0.007ab 


0.008 


712 


(800) 




0.025abc 


0.032bc 


0.031bc 


0,030 


1^24 


(1600) 




o.ogid 


0. I08d 


0.09ld 


0.097 



Average 0.029 0.0^*0 0.035 0.035 



Z^=kk % 



Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

Rates of sludge are significantly different at 0.01 probability by "F" 
test. 
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TABLE k\ . Phosphorus Concentration on First Cut (June 17) Bromegrass. Elora, 
197^.* 



N i t roge 
Rate 

Ib/ac 


n 
(kg/ha) 






Nitrogen Source 


Ammon i um 
Nitrate 


Calcium 
Sludge 


Al uminum 
Sludge 


1 ron Sludge*" 
Sludge Average 










% - P 







(0) 


0.30ef 








89 


(100) 


0.26abcd 








178 


(200) 


0.25ab 


0.32f 


0,28bcde 


0.28bcde 0,29 


356 


(iiOO) 


0.25abc 


0.32f 


0.26abcd 


0.29de 0.29 


712 


(800) 




0.28cde 


0.27abcde 


0.26abcd 0.27 


]km 


(1600) 




0.2iia 


0.25abc 


0.29de 0.26 



Average' 



0.29 



0.26 



0.28 



0.28 



CV=6.5^ 

A Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

AA Source and rate of sludge and the source-rate interaction are significant 
effects at 0.01 probability by "F" test. 
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TABLE k2. Phosphorus Concentration in Second Cut (July 22) Bromegrass. 
Elora, 197^." 



Ni troger 


1 
(kg/ha) 




NI trogei 


n Source 






Rate 
Ib/ac 


Ammon i urn 
Nitrate 


Calcium 
Sludge 




A 1 uminum 
Sludge 


1 ron 
Sludge 


Sludge** 
Average 










% 


-P 









(0) 


0.36cde 












89 


(100) 


0.31a 












178 


(200) 


0.31a 


0.39fg 




0.39fg 


0.38ef 


0.39 


356 


(400) 


0.31a 


0.4lg 




0.35bcd 


0.38def 


0.38 


712 


(800) 




0.38def 




0,35bc 


0.35bcd 


0.36 


1424 


(1600) 




0.34bc 




0.33ab 


0.34bc 


0.34 


Average** 




0.38 




0,36 


0.36 


0.37 



CV=3.9 % 



Individual treatments not followed by a common letter are significantly 
different at O.O5 probability. 

Sources and rates of sludge are significantly different at 0.01 
probability and the source-rate interactions are significantly different 
at 0.05 probability by "F" test. 
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TABLE ^3. Phosphorus Concentration in Third Cut (August 26) Bromegrass. 
Elora, 197^.* 



Ni troge 


n 
(kg/ha) 






Nitrogen Sou 


rce 


Rate 
Ib/ac 


Ammon i um 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron Sludge 
Sludge Average 








^ ■ 


- P 







(0) 


0.29abcd 








89 


(100) 


0.27a 




, 




178 


(200) 


0.27a 


0.33fg 


0.32defg 


0.29abcd 0.32 


356 


(i(00) 


0.28ab 


0.3^9 


0.31bcdefg 


0.31bcdefg 0.32 


712 


(800) 




0.33efg 


0.30abcde 


0.30abcdef 0.31 


U2^ 


(1600) 




0.32defg 


0.29abc 


0.3lcdefg 0.31 


Average 


.AA 




0.33 


0.30 


0.31 0.31 



CV=5.2% 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability, 

*" Sources of sludge are significantly different at 0.01 probability by 
"F" test. 
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TABLE kk. Potassium Concentration in First Cut (June I?) Bromegrass 
197^.* 



Elora, 



Nitrogen 
Rate 

Ib/ac (kg/ha) 






Ni troqen 


Source 




Ammon i urn 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


I ron 
Sludge 


Sludge** 
Average 










^ - K 









(0) 


2.38def 










B9 


(100) 


2.21cde 










178 


(200) 


1.90b 


2.52f 


2.30def 


2.30def 


2.37 


356 


(^00) 


l,5^a 


2.iilef 


2.20cde 


2.12bcd 


2.2^ 


712 


(800) 




2 . 1 Bcde 


2.Ubcde 


1.9Ib 


2.08 


]km 


(1600) 




1.63a 


2.28cdef 


2.01bc 


1.98 



Average*" 



2.19 



2.23 



2.09 



2.17 



CV=6.8^ 

A Individual treatments not followed by a common letter are significantly 

different at 0.05 probability. 
*A Rate of sludge and the source-rate interaction are significant effects 

at 0.01 probability by "F" test. 
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TABLE kS, Potassium Concentration in Second Cut (July 22) Bromegrass 
Elora, 197^.* 



Ni trogen 


(kg/ha) 




Ni trogen 


Source 






Rate 
Ib/ac 


Ammon i um 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Sludge** 
Average 





(0) 


2.67f 




^ - K 






89 


(100) 


2.l8cd 










178 


(200) 


1.75a 


2.49ef 


2.l8cd 


2.33de 


2.3^ 


356 


(^00) 


l.itSa 


2.07bcd 


2.00abc 


1.82ab 


1.96 


712 


(800) 




1.7^a 


1.88ab 


1.78a 


1.80 


]k2k 


(1600) 




1 . 79ab 


l.Blab 


1.82ab 


1.81 



Average 



2.02 1.97 1-9^ 1-98 



CV=7. 6^ 

A Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

*^v Rates of Sludge are significantly different at 0.01 by "F" test. 
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TABLE ^6. Potassium Concentration on Third Cut (August 26) Bromegrass 
Elora, igy**. 



N i t rogen Nitrogen Source 

Rate 

Ammon i urn Ca ] ci utn Al umi num I ron S ] udge** 

Ib/ac (kg/ha) Nitrate Sludge Sludge Sludge Average 



* - K 






(0) 


2.27h 


89 


(100) 


1.79f 


178 


(200) 


1.47cd 


356 


(400) 


1.03a 


712 


(800) 




k2k 


(1600) 





AverageA^ 



2.11hi 


l.SAfg 


1.75ef 


1.68ef 


1.35bc 


1.46cd 


1.57de 


1.88fg 


1.69 


1.72 



2.04gh 


2.00 


1.43bcd 


1.62 


1.23b 


1.35 


l.43bcd 


1.63 



1.53 1.65 



CV=6.8 % 

* Individual treatments not followed by a common letter are significantly 

different at 0.05 probability. 
^•'■^- Source and rate of sludge and the source-rate interaction are significant 

effects at 0.01 probability by "F" test. 
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TABLE kl . Concentration of Various Constituents in Bromegrass at Different Levels 
of Nitrogen Application. Average Concentration for the Three Sludges. 
197^. 



Constituent 


0f 




Nitrogen 


Ca 


NH.NO 


First Harvest 


Sludge'':'^ 


Ca 


NH^NO A 


Second Harvest 


Sludge^^* 


Ca 


NH.NO 


Thi rd Harvest 


Sludge^'^'^ 


Mg 


NH.NO^y'^ 


Second Harvest 


Sludqe-^^"^ 



Concentration - 


■ % 


.43 


.48 


.51 




.41 


.39 


.71 


.62 


.76 




.61 


.62 


1.09 


1.07 


1.02 




1.08 


1.00 


.27 


.27 


.35 




.25 


.27 


Concentration ug/g 


56 


58 


61 



Effect of Nitrogen rates significant at 0.05 probability by "F" test. 
Effect of Nitrogen rates significant at 0.01 probability by "F" test. 



Source Rate of Nitrogen Ib/ac (l<g/ha) 

89 1 78 356 712 1 424 Average 

Nitrogen (O) (100) (200) (400) (800) (1 600) 



.39 .43 .48 .51 -45 

.47 .53 .45 

.63 .71 .62 .76 -68 

.72 .77 .68 

.04 1.09 1.07 1.02 1.06 

.98 1.11 1.05 

.23 .27 .27 .35 -28 

.32 .33 .29 



Fe NH.NO 65 56 58 61 60 

Second Harvest Sludqe-^^*^ 55 57 60 63 59 
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TABLE A8. Magnesium Concentration in First Cut (June 17) of Bromegrass. 
Elora. 1974.* 



Ni trogen 


(kg/ha) 




Nitrogen Source 








Rate 
Ib/ac 


Ammon i um 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Sludge** 
Average 





(0) 


0.l6abc 


% - 


Mg 






89 


(100) 


0.l6abc 










178 


(200) 


0.17abc 


0.l6abc 


0.17abc 


0.l6ab 


0.16 


356 


(400) 


0.21ef 


0.l6abc 


0.\ka 


0.1?bcd 


0.16 


712 


(800) 




0.]6abc 


O.igcde 


0.20def 


0.18 


1^2^ 


(1600) 




0.22f 


0.19cde 


0.21ef 


0.20 


Average aa 






0.17 


0.17 


0.18 


0.18 



cv-8.3 % 

'• Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

*" Rates of sludge are significantly different at 0.01 probability and source- 
rate interactions are significantly different at 0.05 probability by "F" 
test. 
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TABLE As. Magnesium Concentration in Third Cut (August 26) Bromegrass. Elora, 
197^.^- 



Nitroge 


in 






Ni trogen 


Source 




Rate 


Ammon i um 


Calcium 


Aluminum 


1 ron 


Sludge** 


Ib/ac 


(kg/ha) 


Nitrate 


Sludge 


Si udge 


Sludge 


Average 








% - 


Mg 









(0) 


0.29a 










89 


(100) 


0.36bcd 










178 


(200) 


0,40defg 


0.32ab 


0.35bc 


0.3Abc 


0.34 


356 


(ifOO) 


0.43gh 


0.3Abc 


0.38cdef 


0.38cde 


0.37 


712 


(800) 




O.itOefg 


O.^Oefg 


0.i*6h 


0.42 


]l^2k 


(1600) 




O.^Sh 


O.A2fgh 


0.45h 


0.44 


Average** 




0.38 


0.39 


0.41 


0.39 



CV=5.8 



• Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

'* Sources of sludge are significantly different at 0.05 probability and 
rates are significantly different at 0.01 probability by "F" test. 
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TABLE 50. Manganese Concentration in First Cut (June 17) Bromegrass. Elora, 
197^.* 



Ni troge 


n 
(kg/ha) 






N i t rogen 


Source 




Rate 
Ib/ac 


Ammon i um 
Nitrate 


Calcium 
Sludge 


Aluminum 
S t udge 


1 ron 
Sludge 


Sludge** 
Average 





(0) 


55h 


(vg 


Mn/g) 






89 


(100) 


55h 










178 


(200) 


51gh 


45defg 


45defg 


it6efg 


k5 


356 


(400) 


A8fg 


40cde 


42cdef 


A8fg 


A3 


712 


(800) 




33ab 


38bcd 


it2cdef 


38 


1^2^ 


(1600) 




30a 


37bc 


42cdef 


36 


Average 


.AA 




37 


k] 


kk 


41 



CV=8.4 % 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

** Source and rate of sludge are significant effects at 0.01 probability 
by "F" test. 
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TABLE 51. Manganese Concentration in Second Cut (July 22) Bromegrass 
Elora, 197^-" 



Ni troger 


1 
(kg/ha) 






Nitrogen 


Soi 


jrce 




Rate 
Ib/ac 


Ammon i um 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


I ron 
Sludge 


SludgeA'V 
Average 








(ug 


Mn/g) 











(0) 


72 f 












89 


(100) 


67ef 












178 


(200) 


57cd 


52bcd 


59de 




57cd 


56 


356 


(i*00) 


58cd 


SOabc 


50abc 




52bcd 


50 


712 


(800) 




43a 


53bcd 




51 abed 


^9 


]k2k 


(1600) 




^5ab 


50abc 
1 




60de 


51 


Average^ 


1. J. 




48 


53 




55 


52 


CV = 8.; 


2 9^0 















A Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

** Sources of sludge are significantly different at 0.01 probability and 
rates of sludge are significantly different at 0.05 probability by "F" 
tes t . 
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TABLE 52. Manganese Concentration In Third Cut (August 26) Bromegrass 
Elora. 197^.* 



Ni troge 


n 
(kg/ha) 






Nitrogen 


Source 




Rate 
Ib/ac 


Ammon i um 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Sludge-''^--'^ 
Average 





(0) 


98fg 




(ug Mn/g) 






89 


(100)- 


n6hi 










178 


(200) 


ll9i 


87ef 


103gh 


106ghi 


99 


356 


(400) 


80de 


75cde 


79de 


80de 


78 


712 


(800) 




52ab 


55ab 


66bcd 


58 


]k2k 


(1600) 




49a 


6labc 


75cde 


62 


Average 


jAsV 




66 


75 


82 


74 



CV=10% 

Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

-'^^v Source and rate of sludge are significant effects at 0,01 probability by 
"F" test. 
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TABLE 53. Iron Concentration in First Cut (June 17) Brornegrass. Elora, 197^.* 



Ni troger 


1 
(kg/ha) 






Nitrogen Spurce 




Rate 
Ib/ac 


Ammon i urn 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Sludge*'^ 
Average 





(0) 


52a 




(yg Fe/g) 






89 


(100) 


^9a 










178 


(200) 


i^ka 


%7a 


42a 


52a 


47 


356 


(^00) 


56a 


%a 


45a 


44a 


45 


712 


(Boo) 




^a 


54a 


56a 


52 


\k2k 


(1600) 




52a 


56a 


77b 


62^ 


Average 


AA 




^tS 


49 


57 


51 



CV-14 "% 



Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

Sources and rates of sludge are significantly different at .01 probability 
and the source-rate interactions are significantly different at .05 
probability by "F" test. 
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TABLE 54. Iron Concentration in Third Cut (August 26) Bromegrass. Elora, 
1974. * 



Ni troge 

l^ate 

Ib/ac 


n 
(kg/ha) 






Ni trogen 


Source 




Ammon i um 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Sludge** 
Ave rage 








(ug 


Fe/g) 









(0) 


86bcd 










89 


(100) 


77abc 










178 


(200) 


78abc 


90bcd 


80abc 


lt2d 


94 


356 


(400) 


79abc 


82abc 


75abc 


88bcd 


82 


712 


(Boo) 




73ab 


78abc 


103cd 


85 


1424 


(1600) 




76abc 


76abc 


56a 


69 


Average'^* 




80 


11 


90 


82 



CV=18% 



A Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

** Rate of sludge and the source-rate interaction are significant effects 
at .05 probability by "F" test. 
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TABLE 55. Aluminum Concentration in Third Cut (August 26) Bromegrass. Elora, 
197^.* 



Ni troge 


n 
(kg/ha) 






Ni trogen 


Source 




Rate 
Ib/ac 


Ammon i um 
Nitrate 


Calcium 
Sludge 


A 1 umi num 
Sludge 


1 ron 
Sludge 


Sludge^^^"^ 
Average 





(0) 


27cde 




(pg Al/g) 






89 


tlOO) 


22bcde 










178 


(200) 


20abcd 


26cde 


31e 


29de 


29 


356 


(^00) 


iSabc 


21 abed 


21abcd 


21abcd 


21 


712 


(800) 


1 


I6ab 


22bcde 


22bcde 


20 


]k2k 


(1600) 




12a 


24bcde 


22bcde 


19 


Average 


AA 




19 


2k 


2k 


22 



CV=22^ 



'- Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

"" Sources of sludge are significantly different at .05 probability and 
rates of sludge are significantly different at .01 probability by 
"F" test. 
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TABLE 56. Copper Concentration In First Cut (June 17) Bromegrass. Elora, 
197^.* 



Ni troge 


n 

(kg/ha) 






Ni trogen 


Source 




Rate 

Ib/ac 


Ammon i urn 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Sludge A* 
Average 








(pg 


Cu/g) 









(0) 


5a 










89 


(100) 


8bc 










178 


(200) 


7bc 


Bbc 


7ab 


7abc 


7 


356 


(iiOO) 


Sbcde 


7bc 


9cdef 


Bbc 


8 


712 


(800) 




Sbcd 


llg 


lOdefg 


10 


1^24 


(1600) 




lOefg 


llg 


lOfg 


IL 


Average 


;AA 




8 


10 


9 


9 



CV=12.2 % 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

*•>' Sources of sludge are significantly different at 0.05 probability and 
rates of sludge are significantly different at 0.01 probability by "F" 
test. 
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TABLE 57. Copper Concentration in Second Cut (July 22) Bromegrass. 
Elora, 197^.- 



NItrog 


en 






Nitrogen 


Source 






Rate 














Ib/ac 


(kg/ha) 


Ammon i um 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Sludge^"^* 
Average 








(yg 


Cu/g) 








D 


(0) 


7a 












at 


000) 


Bab 












178 


(200) 


8abc 


Babe 


9abc 




9abc 


9 


356 


(^00) 


lid 


9abc 


lid 




lOcd 


10 


712 


(800) 




lObcd 


lAfg 




12de 


12 


\hm 


(1600) 




I3ef 


15q 




15g 


\k 


Average** 




10 


12 




12 


IT 


CV=9.9 


% 















" Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

"* Source and rate of sludge effects are significant at 0.01 probability 
by "F" test. 
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TABLE 58. Copper Concentration in Third Cut (August 26) Bromegrass. Elora, 



Ni troge 


n 






Nitrogen Source 




Rate 


Ammon i um 


Calcium 


Aluminum Iron 


SludgeAA 


Ib/ac 


(kg/ha) 


Nitrate 


Sludge 


Sludge Sludge 


Average 










(yg Cu/g) 







(0) 


8a 








89 


(100) 


Ba 








178 


(200) 


9a 


9ab 


9a 9ab 


9 


356 


(ADO) 


lOab 


8a 


11 be 9a 


9 


712 


(800) 




lOab 


12c llbc 


11 


]mh 


(1600) 




12cd 


I4e 1^de 


13 


Average 


1 A;V 




10 


n 11 


11 



CV=9.8^ 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

*'!■• Source and rate of sludge are significant effects at 0.01 probability 
by "F" test. 
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TABLE 59. Zinc Concentration in First Cut (June 17) Bromegrass. Elora, 197^. >'- 



Ni troge 


n 
(kg/ha) 






Ni trogen 


Source 




Rate 
Ib/ac 


Ammon i um 
Nitrate 


Calcium 
SI udge 


Aluminum 
Sludge 


1 ron 
SI udge 


Sludge'"^* 
Average 





m 


18a 




(yg Zn/g) 






89 


(100) 


19a 










178 


(200) 


19ab 


20ab 


20ab 


19ab 


20 


356 


(^00) 


22bc 


2lab 


22bc 


20ab 


21 


712 


(800) 




2i*cd 


29f 


26de 


26 


\k2ti 


(1600) 




28ef 


29ef 


28ef 


28 


Average 


j-j. 




^3 


25 


23 


2k 



CV=8. 1 >i 

" Individual treatments not followed. by a common tetter are significantly 
different at 0.05 probability. 

•'-''- Sources of sludge are significantly different at 0.05 probability and 
rates of sludge are significantly different at 0.01 probability by "F" 
test. 
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TABLE 60. Zinc Concentration in Second Cut {July 22) Bromegrass. 
Elora, 197^, A 



Ni trogen 


1 
(kg/ha) 




Niti 


rogen Source 






Rate 
Ib/ac 


Ammon i urn 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Sludge--'^ 
Average 








(yg Zn/g) 











(0) 


17a 










89 


(100) 


I8ab 










178 


(200) 


21bc 


21bc 


21bc 


22cd 


21 


356 


(i*00) 


2^cde 


22c 


24cde 


25def 


23 


712 


(800) 




27efg 


29gh 


28fg 


28 


142^ 


(1600) 




321 


28fg 


32hi 


31 


Average-" 




25 


25 


27 


26 



CV=6.9 



Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

Rates of sludge are significantly different at 0.01 probability and the 
source-rate interactions are significantly different at 0.05 probability 
by "F" test. 
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TABLE 61. Zinc Concentration in Third Cut (August 26) Bromegrass. Elora, 
197^.* 



Ni trogen 

Rate 

Ib/ac (kg/ha) 



N i t rogen Source 



Ammonium Calcium Aluminum Iron Sludge 
N i t ra te S 1 udge S 1 udge S 1 udge Ave rage ■>* 



Average 



(yg Zn/g) 






(0) 


20a 










89 


(100) 


19a 










178 


(200) 


2^bc 


2Abc 


26bcd 


2^b 


25 


356 


(^00) 


25bcd 


26bcd 


28de 


28de 


27 


712 


(800) 




25bcd 


28de 


27cde 


27 


km 


(1600) 




n^ 


30ef 


32 f 


31 



27 



28 



28 



28 



CV=7.0% 



Individual treatments not followed by a common letter are s i gn i f i c-intly 
different at 0.05 probability. 

Rates of sludge are significantly different at 0.01 probability by "F" 
test. 



TABLE 62. Cadmium Concentration in First Cut (June 17) Bromegrass. Elora, 197^. 



Ni troge 


n 
(kg/ha) 






Nitrogen 


Source 




Rate 
Ib/ac 


Ammon i um 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Sludge 
Average 












(ug Cd/g) 







(0) 


0.067 










89 


(100) 


0.050 










178 


(200) 


0.163 


0.150 


0.017 


0.067 


0.078 


356 


C^OO) 


0. 100 


0.050 


0.08^ 


0.067 


0.067 


712 


(800) 




0.017 


0.100 


0.13^ 


0.084 


1^+2^ 


(1600) 




0,070 


0.100 


0.117 


0.096 


Average 






0.072 


0.075 


0.096 


0.081 



A number of cadmium values were below detection limits. Statistical 
analysis of these data were therefore not considered valid. 
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TABLE 63. Cadmium Concentration in Second Cut {July 22) Bromegrass. 
Elora, IsyA.^-^ 



Ni trogen 








Nitrogen Source 




Rate 


Ammon i um 


Calcium 


Al uminum 1 ron 


Sludge*--'^ 


Ib/ac 


(kg/ha) 


Nitrate 


Sludge 


Sludge Sludge 


Average 










(yg Cd/g) 







(0) 


0.07ab 








89 


(100) 


0.07ab 








178 


(200) 


0.07ab 


0.07ab 


O.lOabc 0.07ab 


0.08 


356 


(400) 


0.15cde 


0.08abc 


0.05a 0.13bcd 


0.09 


712 


(800) 




O.lOabc 


0. lOabc 0. 12abcd 


o.n 


lA2i* 


(1600) 




O.lOabc 


0.l8de 0.22e 


0.17 


Average' 


, J. 




0.09 


0.11- 0.13 


0.11 



CV=39 V„ 

" Individual treatments not followed by a common letter are significantly 
different at O.O5 probability. 

'"> Sources of sludge are significant at .05 probability and rates of sludge 
are significant at .01 probability by "F" test. 
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TABLE 6^. Cadmium Concentration in Third Cut (August 26) Bromegrass. Eiora, 
197^" 



Ni troge 


n 
(kg/ha) 


Ammon 1 urn 
Nitrate 


Calcium 
Sludge 


Nitrogen Sou 


rce 




Rate 
Ib/ac 


Aluminum 
Sludge 


I ron 
Sludge 


Sludge'^'^ 
Average 










(yg Cd/g) 









(0) 


0.13ab 










89 


(100) 


O.OSab 










178 


(200) 


0.12ab 


0.07a 


O.OSab 


0.1 3ab 


0.10 


356 


(400) 


0. lOab 


O.OSab 


O.OSab 


0.07a 


0.08 


712 


(800) 




0.12ab 


t).l8bc 


0.12ab 


0.14 


1^24 


(1600) 




0.07a 


0.17abc 


0.25c 


0.16 


Average 


;VcVt 




0.08 


0.13 


0.14 


0.12 



■'■.- ■individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

■'■•■''>■ Sources and rates of sludge are significant effects at 0.05 probability 
by "F" test. 
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TABLE 65. Chromium Concentration in Third Cut (August 26) Broiiieqrass . Elor.i, 



Ni troge 


tn 






Ni trogen 


Source 




Rate 


Ammon i um 


Caici um 


Aluminum 


1 ron 


S 1 udge** 


Ib/ac 


(kg/ha) 


Nitrate 


Sludge 


Sludge 


Sludge 


Average 








(yg 


Cr/g) 









(0) 


2,08abc 










m 


(100) 


1.83abc 










178 


(200) 


2.00abc 


2.75bc 


^.33d 


2, 17abc 


3.08 


356 


(i*00) 


1.58ab 


2.08abc 


2.92bc 


2.08abc 


2.36 


712 


(800) 




1.33a 


2.67abc 


2.33abc 


2.11 


1^2^ 


(1600) 


- 


1.58ab 


3.17cd 


2.42abc 


2.39 



Average^'^^v 1.9^4 3-27 2.25 2.^9 



CV=30^o 



Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

Sources of sludge are significantly different at .01 probability and 
rates of sludge are significantly different at 0.05 probability by "F" 
test. 



TABLE 66. Nickel Concentration in Third Cut (August 26) Bromegrass . Elora, 



Nitrogen Nitrogen Source 

Ammonium Calcium Aluminum Iron Sludge 
)b/ac (kg/ha) Nitrate Sludge Sludge Sludge Average 






Co) 


l.Oabc 




(yg Ni/g) 






89 


(100) 


l.^cd 










178 


(200) 


1.2abcd 


I.2abcd 


1.2abcd 


1.3abcd 


1.2 


356 


(400) 


l.Oabc 


I.5cd 


l.^cd 


0.8a 


K2 


712 


(800) 




0.8ab 


1.4cd 


1 . 3bcd 


1.2 


1^2 A 


(1600) 




1.3bcd 


I.7d 


l.Iabc 


1.7 



Average^* t,2 1.4 1.1 1.2 



CV=23% 



• Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

'" Sources of sludge and the source - rate interact ion are significant effects 
at 0.05 probabi 1 f ty. 
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TABLE 67. Mercury Concentration in First Cut (June 17) Bromegrass< 
Elora. 197^.^ 



Ni trog 


en 
(kg/ha) 






Nitrogen Soi 


urce 


Rate 
Ib/ac 


Ammon i um 
Nitrate 


Calcium 
Sludge 


Al uminum 
Sludge 


1 ron Sludge*" 
Sludge Average 










yg Hg/g 







(0) 


0.020abcd 








89 


(100) 


0.023cd 








178 


(200) 


O.Olkd 


0.019abcd 


O.OlSabcd 


0.022bcd 0.020 


356 


(AOO) 


O.OlSabcd 


0.017abcd 


O.OlSabc 


O.OlSabc 0.016 


712 


(800) 




0.0l8abcd 


O.OI3a 


0.017abcd 0.016 


1^42^ 


(1600) 




0.013a 


0.01^43 


O.OlSabc 0.014 



Average 



0.017 



0.015 



0.017 



0.016 



C\J = 2kH 



" Individual treatments not followed by a common letter are significantly 

different at 0.05 probability. 
■-■■A Rates of sludge are significantly different at 0.05 probability by "F" 

test. 
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TABLE 68. Field Operations on Rate and Source of Sludge Experiments with 
Corn, 197^. 



Treatment or Description Elora Cambridge Mrlton 

Soi 1 Conestoga Caledon Oneida 

loam loamy sand clay loam 

Plowed April 197^ April 197^ November 1973 

Calcium sludge applied April 26 April 18 May 23 

Alum sludge applied May 2 April 19 May 9 

Iron sludge applied May 1 April 2^ May 2k 

Phosphorus applied to ammonium nitrate treatments and disked in before seeding 

104 lb PjOp/ac No phosphorus no phosphorus 

(50 kg P/ha) required or potassium 

Potassium applied to all treatments and disked in before seeding. 

97 lb K20/ac hS lb K2O required 

(90 kg K/ha) (45 kg K/ha) 

Corn hybrid United IO6 United IO6 United IO6 

Corn seeded and 60 pounds 6-I8-6 fertilizer per acre applied in a band with seed 

on al 1 treatments. 

May 21 May 10 June 6 

Emerged plants counted June 3 May 27 June 28 

Stand thinned - 6-leaf stage June 26 June 13 July 12 

Final stand count August 2 July 24 August 15 

Final stand - plants/ac 22,000 16,000 22,000 

Silks counted August 2 July 24 August 15 

Plant height measured to flag August 28 August 28 
leaf 

Grain harvested October 10 September 24 October l8 

Stover harvested October 11 October 25 October l8 
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TABLE 69. Total Amounts of Various Nutrients and Metals in Sludges Applied 
in 1973 and 197^ at the Rate of 178 lb N/ac (200 kg/ha) on Elora 
Corn Plots. 



Constituent 


Calcium Sludge 
Ib/ac kg /ha 


Aluminufr 
Ib/ac 


1 Sludge 
kg/ha 


1 ron 
Ib/ac 


Sludge 
kg/ha 


Total N 


356 


400 


356 


400 


356 


400 


Soluble N 


116 


130 


124 


139 


106 


119 


Exch. N 


8.1 


9.1 


7.1 


8.0 


13 


15 


Solids 


213^7 


23909 


9153 


10251 


7853 


8795 


'2O5 


^95 




754 




835 




P 




2*1 




367 




407 


K^O 


54 




30 




36 




K 




50 




28 




%k 


Ca 


5067 


5675 


385 


431 


338 


379 


Mg 


126 


141 


65 


73 


54 


60 


Na* 


26 


30 


30 


34 


18 


20 


Al 


85 


95 


337 


377 


80 


90 


Fe 


175 


196 


36 


40 


423 


^74 


Cd 


.0^1 


.04 


.07 


.08 


1.02 


1.14 


Cr 


.63 


.71 


29.4 


32.9 


3.02 


3.38 


Cu 


3.5 


3.9 


6.4 


7.2 


10.6 


11.9 


Hg 


.03 


.03 


.03 


.03 


.16 


.18 


Mn 


7.1 


8.0 


1.4 


1.6 


3.1 


3.5 


Ni 


0.50 


.56 


1.6 


1.8 


.24 


.27 


Pb 


2.4 


2.7 


2.4 


2.7 


12 


14 


Zn 


16.1 


18.0 


18 


20 


21 


24 


BA 


.20 


.22 


.14 


.16 


.24 


.27 



A Sodium and B not determined in 1973* Values presented are based on 1974 
analysis. 
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TABLE 70. Total Amounts of Various Nutrients and Metals in Sludges Applied 
in 1973 and 197^ at the Rate of 178 lb N/ac (200 kg/ha) at 
Cambr idge. 





Calcium 
Ib/ac 


Sludge 
kg/ha 


Aluminum 
Ib/ac 


Sludge 
kg /ha 


Iron SI 


udge 


Constituent 


Ib/ac 


kg/ha 


Total N 


356 


400 


356 


400 


356 


400 


Soluble N 


68 


76 


117 


131 


100 


112 


Exch. N 


4.8 


5.4 


8.7 


9.8 


10 


11 


Solids 


29077 


22566 


10235 


11500 


8038 


9003 


p 


614 


299 


745 


363 


690 


433 


K,0 

K 


36 




24 




28 






34 




23 




26 


Ca 


7091 


7942 


S66 


634 


314 


352 


Mg 


99 


111 


76 


85 


60 


67 


Na^ 


28 


31 


30 


34 


20 


22 


Al 


69 


77 


1107 


1240 


84 


94 


Fe 


139 


156 


109 


122 


464 


520 


Cd 


.14 


.15 


.13 


.15 


.18 


.20 


Cr 


1.5 


1.7 


41 


46 


2.9 


3.3 


Cu 


5.0 


5.6 


6 


7.4 


11 


12 


Hg 


.05 


.06 


.03 


.03 


.14 


.16 


Mn 


8.9 


10.0 


1.6 


1.8 


3.5 


3.9 


Ni 


.67 


.75 


2.1 


2.4 


.28 


.31 


Pb 


3.4 


3.8 


3.3 


3.7 


12 


13 


Zn 


20 


22 


25 


28 


22 


25 


B* 


.20 


.22 


.26 


29 


12 


14 



A Sodium and B not determined in 1973. Values presented are based on 1974 
analys is. 



86 



TABLE 71- Total Amounts of Various Nutrients and Metals in Sludges Applied in 
1973 and 197^ at the Rate of 178 lb N/ac (200 kg/ha) at Milton. 



Const! tuent 


Calcium 
Ib/ac 


Sludge 
kg/ha 


Aluminum 
Ib/ac 


Sludge 
kg /ha 


Iron SI 


udge 


Ib/ac 


kg/ha 


Total N 


356 


400 


356 


400 


356 


400 


Soluble N 


72 


81 


116 


130 


109 


122 


Exch. N 


6 


6.7 


8.6 


9.6. 


10 


11 


Sol ids 


12733 


14261 


11807 


13224 


8347 


9348 


^°5 


531 




879 




879 




P 




255 




431 




440 


V 


27 




29 




29 




K 




24 




27 




27 


la 


^883 


5469 


582 


652 


363 


407 


Mg 


88 


99 


83 


93 


60 


67 


Na* 


32 


36 


26 


29 


18 


20 


Al 


47 


53 


1699 


1903 


75 


84 


Fe 


99 


111 


111 


124 


393 


440 


Cd 


.09 


0.10 


.10 


.11 


.17 


.19 


Cr 


.99 


1.11 


39 


44 


2.8 


3.1 


Cu 


3.9 


4.4 


6.1 


6.8 


10.3 


n.5 


Hg 


.03 


.03 


.04 


.05 


.18 


.20 


Mn 


6.6 


7.4 


1.7 


1.9 


3.12 


3.49 


m 


.45 


.50 


2.1 


2.4 


.28 


.31 


Pb 


2.6 


2.9 


3.1 


3.5 


11.2 


12.5 


2n 


14 


16 


24 


27 


20 


22 


B* 


.24 


.27 


.24 


.27 


.12 


.13 



* Sodium and B not determined in 1973- Values presented are based on 1974 
andlysis. 
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TABLE 72. Corn Seedling Weight. Elora, 197^." 



Ni troge 


:n 
(kg/ha) 






Nitrogen Source 


Rate 

Ib/ac 


Ammon i urn 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


Iron Sludge^* 
Sludge Average 










g - Dry Matter 





(0) 


8.48abcde 








89 


(100) 


5.99a 








178 


(200) 


7.nab 


7. I6ab 


lO.l^cdef 


9.^9bcdef 8.93 


356 


(/too) 


7.06ab 


6.71ab 


10.88ef 


I0.25cdef 9.28 


712 


(800) 




8.50abcde 


10.83ef 


ii.e^f 10.32 


}k2k 


(1600) 




7.55abc 


7.9^abcd 


10.76def 8.75 



Average 



7.^8 7.95 10.53 9-32 



CV=17^ 



A Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

v-v Rates of sludge are significantly different at 0.01 probability by "F" 
test. 
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Al. 



TABLE 73. Corn Seedling Weight. Cambridge, 197^. 






(0) 


89 


(100) 


178 


(200) 


356 


(400) 


712 


(800) 


]k2i^ 


(1600) 


Ave rage: 


iVVc 



Nitrogen Nitrogen Source 



^^^^ Ammonium Calcium Aluminum Iron Sludge 

Ib/ac (kg/ha) Nitrate Sludge Sludge Sludge Average 



g - dry matter 



lit. 68a 










ig.Olbcde 










I8.70bcde 


15.79ab 


17.94abcd 


I8.77bcde 


17.50 


I6.38abc 


17. Seabed 


20.77de 


20.02cde 


19.^^ 




]5.29ab 


ll.kle 


21.08de 


19.60 




l6.72abc 


17.80abcd 


22,45e 


18.99 



16. 3^* 19.73 20.58 18.88 



CV=11.2^ 

■-■- Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

:tvc Sources of sludge are significantly different at 0.01 probability by 
"F" test. 
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TABLE 7^.-. Corn Seedling Weight. Milton, 197^." 



N i t roge n Nitrogen Source 

Ammonium Calcium Aluminum I ron Sludge-- 

1 b/ac (kg/ha) N i t ra te SI udge S 1 udge S 1 udge Ave rage 



g - dry matter 






(0) 


7.16a 










89 


(100) 


6.73a 










178 


(200) 


5.58a 


13. ^5c 


6.51a 


8.88ab 


9.61 


356 


(^00) 


8.15ab 


6.96a 


8.00ab 


7.80ab 


7.59 


712 


(800) 




8.33ab 


8.20ab 


12.2/tbc 


9-59 


liZ^ 


(1600) 




8.72ab 


9.13ab 


12.42bc 


10.09 



Average** 9-36 7-96 10.33 9.22 



CV=27.6^ 

'• Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

"* Source-rate interactions are significantly different at 0.05 probability 
by "F" test. 
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TA3LE 75. Number of Corn Plants Emerged at 17 days, CambrWIqe, 197**. 



Nl troge 


n 
(kg/ha) 






Ni trogen Source 




Rate 
Ib/ac 


Ammon i um 
Nitrate 


Calci um 
Sludge 


A 1 uminum 1 ron 
Sludge Sludge 


SI udge 
Average 





(6) 


45bcd 


Number of 


Plants Emerged 




89 


(100) 


43abcd 








178 


(200) 


46bcd 


39ab 


42abcd 46bcd 


k2 


356 


(400) 


4labc 


49d 


43abcd 46bcd 


46 


712 


(800) 




4labc 


46bcd 48cd 


45 


1^2i( 


(1600) 




37a 


44abcd 46bcd 


42 


Average 


Ai'c 




HI 


kk 47 


44 



CV=8.9^ 

" Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

'*"" Sources of sludge are significantly different at 0.05 probability by "F' 
test. 
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TABLE 76. Corn Plants Silked at 73 days. Elora, 197^-* 



Ni troge 


sn 
(kg/ha) 






Nitrogen Soi 


jrce 




Rate 
Ib/ac 


Ammon i urn 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Sludge 
Average*" 





(0) 


1 
15.9abcd 




Plants si Iked - 


% of tota 


1 


89 


(100) 


5.3a 










178 


(200) 


n.5abc 


6.9ab 


38. 6e 


31.7de 


25.7 


356 


(400) 


10.5abc 


7.0ab 


32.5de 


29.8de 


23-1 


712 


(800) 




27.4cde 


. 40.9ef 


60. 8g 


43.0 


]k2k 


(1600) 




23.7bcde 


17.5abcd 


55.1fg 


32.1 


Ave raq€ 


»AA 




16.3 


32.4 


44.4 


31.0 



CV=36.1% 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

A* Sources of sludge, rates of sludge and source-rate interactions are 
significantly different at 0.01 probability by "F" test. 
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TABLE 77- Corn Grain Yield, 15^ moisture, Elora, 197^.* 



Ni trogen 




Nitrogen Source 






Rate 


Ammon 1 um 


Calcium 


Aluminum 


1 ron 


Sludge^-'A 


Ib/ac (kg/ha) 


Nitrate 


Sludge 


Sludge 


Sludge 


Average 






Ib/ac 


(kg/ha) 




■- 



(0) 


4368a 
(4892) 










89 
(100) 


5866bc 
(6570) 










178 
(200) 


58l9bc 
(6518) 


5774b 
(6467) 


6344bcde 
(7105) 


6277bcde 
(7030) 


6132 
(6867) 


356 
(^00) 


6490cde 
(7269) 


6l92bcd 
(6935) 


6422bcde 
(7193) 


64ilbcde 
(7181) 


6342 
(7103) 


712 
(800) 




6434bcde 
(7206) 


6519cde 
(7301) 


6955e 
(7790) 


6636 
(7432) 


(1600) 




6589de 
(7380) 


6483bcde 
(7261) 


6l77bcd 
(6918) 


6416 
(7186) 


Average 




6247 
(6997) 


6442 
(7215) 


6455 
(7230) 


6381 
(7147) 



* Individual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 

'— Rates of sludge are significantly different at 0.05 probability by "F" test. 
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TABLE 76. Corn Grain Yield. 15% moisture. Cambridge, !97l|.* 



Nitrogen 




Nitrogen Source 






Rate 

Ib/ac (l<g/ha) 


Ammon i um 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Sludge 
Average 








Ib/ac (kg/ha) 







(0) 


3^53a 
(3868) 










89 

(100) 


3757a 
(4207) 










178 

(200) 


3656a 

(4095) 


3459a 
(3874) 


3376a 
(3780 


3797a 

(4252) 


3544a 
(3969) 


356 

(/♦OO) 


3632a 

(4067) 


3594a 
(4025) 


3349a 

(3750) 


3832a 

(4292) 


3591a 
(4022) 


712 

(800) 




3927a 
(4398) 


3781a 

(4234) 


3831a 
(4291) 


3846a 
(4308) 


1^2^ 
(1600) 




3389a 

(3795) 


3760a 

(4211) 


3680a 
(4122) 


3610a 
(4043) 


Average 




3592a 

(4023) 


3566a 
(3994) 


3785a 
(4239) 


3648a 
(4086) 



individual treatment means not followed by a conimon letter are significantly 
different at 0.05 probability. 
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TABLE 79- Corn Grain Yield, J5^ moisture. Milton, 197^.^ 









Nitrogen Source 






N 1 t rogen 

Rate 

Ib/ac (kg/ha) 


Amnon 1 urn 
i^ it rate 


Calcium 
S 1 udge 


At uminum 
Sludge 


1 ron 
SI udge 


Sludge^*^-'- 
Average 








Ib/ac (kg/ha) 









iMlab 
(1580) 










89 
(100) 


128 1 a 
(1^35) 










178 
(200) 


1553abc 
(1739) 


299^dc 
(3353) 


U4labc 
(1613) 


2069abcd 
(2317) 


2168 
(2^428) 


356 

(^00) 


2101abcd 
(2353) 


2220a bed 
(2^86) 


I895abcd 
(2122) 


I692abcd 
(1895) 


1936 
(2168) 


712 
(800) 




2355abcd 
(2637) 


279^bcde 
(3129) 


2833cde 

(3173) 


2661 
(2980) 


(1600) 




297^de 
(3331) 


1787abcd 
(2001) 


3780e 
(^23^) 


28^7 
(3189) 


Average 




2636 
(2952) 


1979 
(2216) 


259^ 
(2905) 


2^03) 
(2690 



Individual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 

'■- Rates of sludge are significantly different at 0.05 probability by "F" test. 



TABLE 80. Corn Stover Yield. Elora, 197^. 



Nitrogen 




Nitrogen 


Source 






Rate 


Amnron i urn 


Calcium 


Aluminum 


1 ron 


Sludge 


]b/ac (kg/ha) 


Nitrate 


51 udge 


Sludge 


SI udge 


Average 






dry matter - Ib/ac 


(kg/ha) 







3296ab 










(0) 


(3691) 










89 


3657ab 










(100) 


(A096) 










178 


38lOab 


3218a 


4178b 


3543ab 


3646 


(200) 


(4268) 


(3604) 


(4680) 


(3968J 


(4084) 


356 


3385ab 


3375ab 


3620ab 


3355ab 


3450 


(400) 


(3791) 


(3780) 


(4055) 


(3758) 


(3864) 


712 




3073a 


3595ab 


34l2ab 


3360 


(800) 




(3442) 


(4026) 


(3822) 


(3763) 


1^(24 




3602ab 


3430ab 


3531ab 


3521 


(1600) 




(4034) 


(3841) 


(3955) 


(3943) 


Average 




3317 


3706 


3460 


3494 






(3715) 


(4150) 


(3876) 


(3914) 



Individual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 
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TABLE 81. Corn Stover Yield. Cambridge, 1974. a 



Ni trogen 






Nitrogen Source 




Rate 

Ib/ac (kg/ha) 


Ammon i um 
Nitrate 


Cal cium 
Sludge 


Aluminum 1 ron 
Sludge Sludge 


S 1 udge 
Average 






Dry 


matter - Ib/ac (kg/ha) 





(Q) 


1943ab 
(2176) 








89 
(100) 


1927ab 
(2159) 








178 
(200) 


I660ab 
(1860) 


2000ab 
(2240) 


I857ab I889ab 
(2080) (2115) 


1915 

(2145) 


356 
(400) 


I601ab 
(1793) 


1429a 
(1601) 


2I3Ib I820ab 
(2387) (2038) 


1793 
(2009) 


712 
(800) 




l804ab 
(2021) 


2054b i656ab 
(2300) (1854) 


1838 
(2058) 


1424 
(1600) 




1907ab 
(2136) 


19l6ab I847ab 
(2146) (2069) 


1890 
(2117) 


Average 




1785 
(1999) 


1990 1803 
(2228) (2019) 


1 859 
(2082) 



Individual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 
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TABLE 82. Corn Stover Yield. Milton. 1974. a 



Ni trogen 




Ni trogen 


Source 






Rate 

Ib/ac (kg/ha) 


Anmon 1 urn 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 
SI udge 


Sludge 
Average 






Dry matter - Ib/ac 


(kg/ha) 





(0) 


927a 
(1038) 










89 

(100) 


I060ab 
(1187) 










178 

(200) 


965a 
(1080) 


!430abc 
(1601) 


I094ab 
(1226) 


1507abc 
(1688) 


1344 
(1505) 


356 

(400) 


1286abc 

(1440) 


1221ab 
(1368) 


1509abc 
(1691) 


I194ab 
(1337) 


1308 
(1465) 


712 
(800) 




1268abc 
(1420) 


I534abc 
(I7I9) 


t497abc 
(1676) 


1433 
(1605) 


1424 
(1600 




I601bc 
(1793) 


I406abc 
(1574) 


l833c 
(2053) 


1613 
(1807) 


Average 




1380 
(1546) 


1386 
(1552) 


1507 
(1689) 


1425 
(1596) 



Individual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 
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TABLE 83. Percentage of Corn Plants Lodged. Milton, 197^.* 



Ni trogen 




Nitrogen Source 






Rate 

Ib/ac (kg/ha) 


Ammon i urn 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Sludge** 
Average 





21ab , 




Lodged % 






(&) - 












89 
(100) 


22ab 










178 
(200) 


I8a 


k6de 


2 lab 


29abcd 


32 


356 
(^00) 


23abc 


24abc 


26abc 


25abc 


25 


712 
(800) 




3Aabcde 


4lcde 


39bcde 


38 


1^2^ 
(1600) 




i|8e 


26abc ' 


30abcd 


3^ 


Average** 




38 


25 


31 


32 



* Individual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 

"" Sludge source, rate, and the source-rate interaction are significantly 
different at O.O5 probability by "F" test. 



TABLE 84. pH in Soil Water Paste of Surface Soil (0-6 in). Elora Corn, 
Fall, 1973. '^ 



Ni trogen 






Nitrogen 


Source 






Rate 












Ib/ac 


(kg/ha) 


Amnron i urn 
Nitrate 


Calcium 
SI udge 


Alumr num 
Sludge 


1 ron 
S ludge 


Sludge** 
Average 


Q 


(0) 


7.]def 










89 


(100) 


7.1def 










178 


(200) 


6.9abc 


7.3f 


7.0bcd 


7. lode 


7.1 


356 


ikoo) 


6.7a 


7.3ef 


7.1cde 


7.0bcd 


7.1 


712 


(800) 




7.3f 


7.2def 


6.8ab 


7.1 


]k2k 


(1600) 




7.3f 


7.0cd 


6. Bab 


7.1 


Average** 






7.3 


7.1 


6.9 


7.1 



CV=].6% 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

*» Sources of sludge are significantly different at O.OI probability and 

source - rate interactions are significantly different at 0.05 probabili y 
by "F" test. 
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TABLE 85. pH in Soil Water Paste of Surface Soil (0-6 in), Cambridge, Fall 
1973.^ 



Ni trogen 






Nitrogen 


Source 






Rate 


Amnron i urn 


Calcium 


Aluminum 


1 ron 


Sludge 


Ib/ac 


(kg/ha) 


Nitrate 


Sludge 


Sludge 


Sludge 


Average 





(0) 


7.5abcd 










89 


(100) 


7.3ab 










178 


(200) 


7.3ab 


7.6abcd 


7.6abcd 


7.^abcd 


7.5 


356 


(^00) 


7.2a 


7.7cd 


7.5abcd 


7.3abc 


7.5 


712 


(800) 




7.7d 


7.^abcd 


7.^abcd 


7-5 


1^2^ 


(1600) 




7.6bcd 


7.5abcd 


7.3ab 


7.5 



Average" 



7.7 7.5 7. A 7.5 



CV=2.6% 

A Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

'■^'■- Sources of sludge are significantly different at 0.01 probability by 
"F" test. 
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TABLE 86. pH in Soil Water Paste of Surface Soil (0-6 in,). Milton, Fall 1973. 



Ni trogen 








Nitrogen Source 






Rate 


Ammon i urn 


Calcium 


Al uminum 


1 ron 


Sludge 


Ib/ac 


(kg/ha) 


Nitrate 


SI udge 


Sludge 


Sludge 


Average 





(0) 


6.5a 










89 


(100) 


6.5a 










178 


(200) 


6,3a 


6.9bc 


6.6ab 


6.6ab 


6.7 


356 


(ifOO) 


5.7a 


7-Oc 


6.5a 


6.ifa 


6.6 


712 


(800) 




7.2c 


6.3a 


6.^a 


6.6 


1^2^ 


(1600) 




7.2c 


6.3a 


6,2a 


6.6 


Average-* 






7.1 


6.^ 


6.^ 


6,6 



CV=3.3% 

" Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

'•" Sources of sludge are significantly different at 0.01 probability by "F' 
test. 
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TABLE 87. Nitrogen Concentration in Corn Seedlings. Elora, 197^.* 



Nitrogen Rate Nitrogen Source 

Ammoni urn Calci urn Al uminum I ron SI udge 

Ib/ac (kg/ha) Nitrate Sludge Sludge Sludge Average 



^ - N 
(0) 4.2 c 

gcf (100) 3.6 a 

178 (200) k.2 c 3.8 abc 4,2 c 4.1 be 4.0 

356 (400) 3.7 ab 3.8 abc 4.1 be 4.0 abc 4.0 

712 (800) 3.9 abc 4.1 be 4.0 be 4.0 

1424 (1600) 4_^ abc iLi '^^ ILI^^ llA. 

Average** 3-9 4.1 4.0 4.0 

C.V. = 5.8^ 

^Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

**Sources of sludge are significant at 0.05 probability by "F" test. 
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TABLE 88. Nitrogen Concentration in Corn Seedlings. Cambridge, 197^.* 



Nitrogen Rate Ni trogen Source 

Ammon i urn Calcium Aluminum I ron SI udge 

Ib/ac (kg/ha) Ni trate Sludge SI udge Sludge Average^^- 



^ - N 
(0) 3A a 

89 (iOO) 4.1 bcde 

178 (200) k.S de 3.7 ab k.O be k.2 bcde 4.0 

356 (400) 4.2 cde 3.9 be 4.2 bcde 4.4 cde 4.1 

712 (800) 4.1 bed 4.3 cde 4.3 cde 4.2 

1424 (1600) ^ de 4_J_ cde 4_^ e 4_^ 

Average** 4.1 4.2 4.3 4.2 

C.V. * 5.8^ 

^Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

"^Sources of sludge are significantly different at 0.05 probability and 
rates of sludge are significantly different at 0.01 probability by 
"F" test. 
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TABLE 89. Concentrations of Various Constituents In Corn Grain at Different 
Levels of Nitrogen Application. Average Concentration for the 
Three Sludges Presented, 197^. ^ . " . 



Rates of Nitrogen Ib/ac (kg/ha) 

Sources 89 178 356 712 1^2^ 
of 
Constituent Nitrogen (O) (100) (200) (400) (8OO) (I6OO) Average 



N {%) NH^NO.AA 1.0 1.4 1.6 1.5 1.^ 

Elora SludgeA^t ) .k 1.5 1-5 1.6 1.5 



NH^NO.AA 


1.0 


1.4 


1.6 


1.5 


SludgeA>^ 






1.4 


1.5 


NH^NOy^A 


1.6 


1.7 


1.9 


1.5 



N {%) NH^NO^^A 1.6 1.7 1.9 1.5 1-7 

Cambridge Sludge 1.8 1.9 1-8 1.9 1-8 

K {%) NH^NO 0.50 0.48 0.49 0.51 0-50 

Elora Sludge^ 0.47 0.45 0.50 0.52 0.49 

Fe (yg/g) ■ NH^NO^ 21 25 22 24 23 

Elora SludgeAA 29 23 23 25 25 



25 


22 


24 






29 


23 




27 


33 


31 






31 


30 


33 



Zn (yg/g) NH^NO^ 29 27 33 31 10 

Camb r i dge SI udge* 31 30 33 35 32 



A Effect of nitrogen rates significant at 0.05 probability by "F" test. 
AA Effect of nitrogen rates significant at 0.01 probability by "F" test. 



TABLE 90. Nitrogen Concentration in Corn Stover. Milton, 197^-* 



Ni trog 


sn 






Nitrogen 


Source 




Rate 


Ammonium 


Calcium 


Aluminum 


1 ron 


Sludge 


Ib/ac 


(kg/ha) 


Nitrate 


Sludge 


Sludge 


Sludge 


Average-' 










^ - N 









(0) 


1.28ab 










89 


(100) 


1.^3bcd 










178 


(200) 


1.55cdef 


1.55cdef 


1.20a 


1.53cde 


1.^3 


356 


(^00) 


1.70ef 


l.A5bcd 


1.38abc 


l.SObcde 


1.44 


712 


(800) 




1.63def 


l.SObcde 


1 .55cdef 


1,56 


]k2k 


(1600) 




1.60cdef 
1.56 


I.77f 
1.^6 


1 .70ef 


1.63 


Averag 


1.53 


1.52 



CV= 7-7^ 



Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

Rates of sludge and source-rate interaction are significantly different 
at 0.01 probability by "F" test. 
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TABLE 91. Concentrations of Various Constituents in Corn Stover at 
Different Levels of Nitrogen Application. Average Concentrations for the 
Three Sludges Presented, 197^- 



Constituent Source Rate of Nitrogen Ib/ac (kg/ha) 

of 89 179 356 712 1^2^ Average 
Nitrogen (O) (lOO) (200) (400) (800) (l600) 

N {%) NH^NO 1.6 i. 1 i. 1 1.2 1.3 

Elora Sludge 1.1 1. I 1.1 1.2 1.1 

N {%) MH^NO v^v^ 0.7 0.8 

Cambr idge Sludge 

ri {%) MH^NO 0.7 0.8 

Mi 1 ton Sludge-" 

K {%) f^H.NO 1.0 1.0 

Cambr idge Sludge- 

Ca(^) NH^NO '•^ .51 .^9 

Cambr i dge S 1 udge'- " 

NO {%) NH.NO ^'-^ .00 .03 

Elora Sludge--'' 

MO {%) NH.NO ■'= .Oh .04 

Cambridge Sludge-'^ 

Al (pg/g) NH.NO 980 1100 

Mi 1 ton Sludge""" 

Mn (yg/g) NH^NO, 



60 



Mi 1 ton Sludge- 



Cu (pg/g) NH^NO^^--^ 2 : 

Mi 1 ton SI udge-" 

Ni (ug/g) NH^NO 1.8 2.3 

Mi 1 ton Sludge-" 



Effect of nitrogen rates significant at 0.05 probability by "F" test. 
Effect of nitrogen rates significant at 0.01 probability by "F" test. 



0.9 


1. I 






0.9 


1. 1 


1.1 


1.0 


1.1 


1.0 


1.0 


1.2 






.9 


0.8 


0.9 


1.0 


1.1 


.9 


1.2 


1.1 






1.1 


1.0 


1.1 


1.1 


1.2 


1.) 


.53 


.62 






.5^ 


.51 


■ 54 


-63 


.67 


.59 


.05 


.10 






.04 


.03 


.06 


.08 


.12 


.07 


.11 


.15 






.09 


.07 


.11 


.13 


.13 


.11 


1153 


1080 






1050 


1260 


1050 


760 


810 


970 


54 


74 






62 


67 


61 


48 


57 


58 


3 


6 






k 


k 


A 


f 


6 


5 


2.5 


2.0 






2.2 


2.7 


2.3 


1.7 


1.8 


2.1 



TABLE 92. Nitrate Nitrogen Concentration fn Corn Stover. Milton, 197^- 



Ni trog 


en 






Nitrogen 


Source 




Rate 


Ammon i um 


Cal cium 


Aluminum 


1 ron 


Sludge 


Ib/ac 


(kg/ha) 


Nitrate 


Sludge 


Sludge 


Sludge 


Average 








% 


- NO N 









(0) 


0.00a 










89 


(100) 


O.Ola 










178 


(200) 


0.02a 


0.05ab 


0.02a 


0.03ab 


0.03 


356 


(^00) 


0.06abc 


0.02a 


0.02a 


0,03ab 


0.02 


712 


(800) 




O.Ola 


O.Ola 


0.11c 


0.04 


]k2k 


(1600) 




0,06abc 


0.04ab 


O.OSbc 


0.06 



Average*^ 0.03 0.02 0.06 O.OA 



CV=86.1^ 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

"* Sources of sludge are significantly different at 0.01 probability by 
"F" test. 
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TABLE 93; Sodium Bicarbonate Extractable Phosphorus in Surface Soil (0-6 in). 
Elora Corn, Fall ,. 1973-* 



N i t rogen 






Ni t rogen 


Source 






Rate 


Ammon i urn 


Calcium 


Aluminum I ron 


Sludge'^'^ 


Ib/ac 


(kg/ha) 


Nitrate 


Sludge 


Sludge 


Sludge 


Average 












(ug P/g) 







(0) 


8a 










89 


(100) 


7a 










178 


(200) 


7a 


22a 


10a 


7a 


13 


356 


(^00) 


10a 


7a 


17a 


12a 


12 


712 


(800) 




m 


20a 


20a 


k} 


]k2k 


(1600) 




I8a 


23a 


\ka 


19 



Average- 



Id 



13 



21 



CV=92 % 

Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

^^^ Sources of sludge are significantly different at 0.05 probability and 
rates of sludge and the source rate interaction are significant at 0.01 
probabi 1 i ty by "F" test. 
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TABLE 9^. Sodium Bicarbonate Extractable Phosphorus in Surface Soil (0-6 in). 
Cambridge, Fal 1 , 1973.* 



N i t rogen 


(kg/ha) 




Ni t rogen 


Source 






Kate 
Ib/ac 


Ammon i um 
Nitrate 


CaIci um 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Sludge** 
Average 





(0) 


75abc 






(yg P/g) 




89 


000) 


70abc 










178 


(200) 


68ab 


69ab 


75abc 


74abc 


73 


356 


(Aoo) 


83abcd 


)l3e 


92bcde 


61a 


89 


712 


(800) 




IQ8de 


98cde 


88abcde 


98 


]k2k 


(1600) 




M7e 


6^ab 


8labcd 


87 


Average** 






102 


82 


76 


87 



CV-18V. 



Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 



r 1 

If 



** Source of sludge and the source - rate interaction are significant at 

0.01 probability and rates of sludge are significantly different at 0.05 
probability by "F" test. 
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TABLE 95. Sodium Bicarbonate Extractable Phosphorus in Surface Soil (0-6 in) 
Milton, Fall, 1973* 



Ni troger 


1 




Ni trogen Source 






Rate 


Ammon I urn 


Calci urn Aluminum 


\ ron 


Sludge*^^ 


Ib/ac 


(kg/ha) 


Ni trate 


Sludge Sludge 


Sludge 


Average 








(yg-P/9^ 









(0) 


36a 








89 


(100) 


39ab 








178 


(200) 


^6abcd 


58bcde ^6abcd 


A7abcd 


50 


356 


(itOO) 


35a 


6^de 46abcd 


^3abc 


51 


712 


(800) 




90f ^Oab 


6lcde 


63 


142^ 


(1600) 




93f 37a 


67e 


66 


Average-^^ 




76 hi 


55 


58 



CV=20% 

- Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

■^■^- Source of sludges and rate of sludge and the source - rate interaction are 
significantly different at 0.01 probability by "F" test. 
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TABLE 96. Phosphorus Concentration in Corn Seedlings, Elora, 197^* 



Nitrogen Rate Nitrogen Source 

Ammonium Calcium Aluminum Iron Sludge 

Ib/ac (kg/ha) Nitrate Sludge Sludge Sludge Average 



(0) 0.39 de 

89 (100) 0.32 ab 



- P 



178 (200) 0.37 cde 0.33 abc 0.39 e 0.37 O.36 

356 (^00) 0.32 ab 0.32 ab 0.37 cde 0.33 0.3^ 

712 (800) 0.3^ abc 0.37 cde 0.3^ 0.35 

\k2k (1600) 0.31 a 0.32 0.36 0.33 

Average^^v 0.33 0.36 0.35 0.35 



c.v. = 7.5^ 

■'^Individual treatments not followed by a common letter are significantly 
different at 0,05 probability. 

j^^Sources of sludge are significantly different at 0,01 probability by 
"F" test. 
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TABLE 97. Phosphorus Concentration in Corn Seedlings, Cambridge, 197^ 



Nitrogen Source Nitrogen Source 

Amnion i urn Caici um Aluminum t ron S 1 udge 

Ib/ac (kg/ha) NI trate Sludge Sludge Sludge Average*'^ 



^ - P 
(0) 0.39 abc 

89 (100) 0.40 abc 

178 (200) 0.^0 abed 0.37 a 0.38 ab 0.^0 abed 0.38 

356 (400) 0.38 ab 0,40 abed 0.39 abc 0.41 bed 0.40 

712 (8b0) 0.42 bed 0.40 abc 0.43 ed 0.42 

1424 (1600) 0.43 cd 0.41 bed 0.44 d 0.43 

Average*^^ 0.41 0.40 0,42 0.41 

C.V. = 5.8^ 

"Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

*ASources of sludge are significantly different at 0.05 probability and 
rates of sludge are significantly different at 0.01 probability by 
"F" test. 
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TABLE 98. Phosphorus Concentration in Corn Seedlings. Milton, 197^.* 



Nitrogen Rate Nitrogen Source 

Ammonium Calcium Aluminum Iron Sludge 
Ib/ac (kg/ha) Nitrate Sludge Sludge Sludge Average^-^ 



^ - P 
(0) 0.32 abc 

89 (100) 0.30 ab 

1:78 (200) 0.30 ab 0.3^ abc 0.39 c 0.30 ab 0.3^ 

356 (^00) 0.28 a 0.33 abc 0.35 be 0.35 be 0.3^ 

712 (800) 0.29 ab 0.31 ab 0.31 ab 0.30 

1^42^ (1600) 0.29 ab 0.33 abc 0.29 ab 0.31 

Average*^^ 0.31 0.35 0.31 0.32 

c.v. = 10.7^ 

^Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

"^Sources of sludge and rates of sludge are significantly different at 
0.05 probability by "F" test. 
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TABLE 99. Phosphorus Concentration in Corn Grain. Elora, 197^- 



Nitrogen Nitrogen Source 



^^^^ Ammonium Calcium Aluminum Iron Sludge 

Ib/ac (l<g/ha) Nitrate Sludge Sludge Sludge Average^A 



P - 






(0) 


0.26ab 










m 


(100) 


0.25ab 










178 


(200) 


0.26abc 


0.29abcd 


0.2Aa 


0.28abcd 


0.27 


356 


(400) 


0.29abcd 


0.27abcd 


0.25ab 


0.26ab 


0.26 


712 


(800) 




G.32d 


0.28abcd 


0.30bcd 


0.30 


1^24 


(1600) 




0.31cd 


0.28abcd 


0.27abcd 


0.29 


Average' 


.1. J, 




0.30 


0.27 


0.28 


0.28 



CV-8.8^ 

A Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

.V.V Sources of sludge are significantly different at 0.05 probability and rates 
of sludge are significant at 0.01 probability by "F" test. 
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TABLE 100, Potassium Concentration in Corn Seedlings. Elora, 197^.'' 



Nitrogen Rate Nitrogen Source 



Ammon i um Calcium Aluminum iron Sludge ^ 

1 b/ac (Icg/ha) N i t ra te SI udge S 1 udge S 1 udge Ave rage"^ 



% - K 

(0) 2.5 ab 

89 (100) 2.2 a 

178 (200) 2.5 ab 2.1 a 2.6 ab 2.1 a 2.3 

356 (iiOO) 2.2 a 2.5 ab 2.6 ab 2.6 ab 2.5 

712 (800) 2.5 ab 2.8 be 3.0 c 2.8 

1424 (1600) 2^ be 3J. e ^il ^ LI 

Average^^>v 2.5 2-.8 2.8 2.7 



c.v. = 11 .7% 

"Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

'■-'^Sources of sludge are significantly different at 0.05 probability and 
rates of sludge are significantly different at 0.01 probability by 
"F" test. 
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TABLE 101. Potassium Concentration in Corn Seedlings. Cambridge, 197^.* 



Nitrogen Rate Nitrogen Source 

Ammon i urn Calcium Aluminum I ron S 1 udge 

Ib/ac (kg/ha) Nitrate Sludge Sludge Sludge Average 



(O) h.l abc 

89 (100) h.2 abc 



- K 



178 (200) 3-9 abc 3.^ a 3.9 abc k.2 abc 3.8 

356 (^00) 3.6 abc 3.9 abc ^t.O abc 3.7 abc 3.9 

712 (800) 3.5 ab 3.9 abc 3.8 abc 3.7 

\klk (1600) U. abc iLj. be hJ^c M_ 

Average^'^A 3-6 ^.0 ^.0 3.9 



C.V. = \Q.k% 

"Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

"■■'Sources of sludge are significantly different at 0.05 probability by 
"F" test. 
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TABLE 102. Potassium Concentration in Corn Seedlings. Milton, 1974.* 



Nitrogen Rate Nitrogen Source 

Ammoni urn Calcium Aluminum I ron Sludge 

Ib/ac (kg/ha) Nitrate Sludge Sludge Sludge Average 



^ - K 

(0) 3.0 ab 

89 (100) 3.4 ab 

178 (200) 3.2 ab 3.2 ab 3.1 ab 3.5 ab 3.3 

356 (400) 3.4 ab 3.1 ab 3.4 ab 3.0 ab 3.2 

712 (800) 2.9 a 3.5 ab 3.6 b 3.3 

1424 (1600) 3J. 3^ 1^ ab ^3 ab ^3 

Average** 3j 3 /, 33 ^^ 



C.V. = 9.8^ 

^Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 



J. J. 
I 



Sources of sludge are significantly different at 0.05 probability by 
"F" test. 
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TABLE 103. Potassium Concentration in Corn Stover. Elora, 197^." 



Q 


(0) 


89 


(100) 


178 


(200) 


356 


(400) 


712 


(800) 


1^2A 


(1600) 


Average 


AA 



Nitrogen Nitrogen Source 

Rate 

Ammonium Calcium Aluminum I ron Sludge 

Ib/ac (l<g/ha) Nitrate Sludge Sludge Sludge f<v^rage** 



- K 



0.72ab 










0.79ab 










0.64a 


0.62a 


0.66a 


O.Blabc 


0.69 


0,86abc 


0.66ab 


0.77ab 


0.78ab 


0.74 




0.68ab 


O.SOabc 


0.85abcd 


0.7B 




0.95abc 


I.08cd 


1 .12d 


1.05 



0.73 0.83 0,89 0.82 



CV=18.4^ 



Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

Sources of sludge are significantly different at 0.05 probability and rates 
of sludge are significantly different at 0.01 probability by "F" test. 
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TABLE ]0k. Potassium Concentration in Corn Stover. Milton, 197^-" 



CV=15.7^ 



Nitrogen Nitrogen Source 



Rate Ammonium Calcium Aluminum Iron Sludge 

Ib/ac (kg/ha) Nitrate Sludge Sludge Sludge Average^ 



- K 






(0) 





55a 










89 


(100) 





56a 










178 


(200) 





.59ab 


0.72abc 


0.55a 


0.76bc 


0.68 


356 


(400) 





.63abc 


0.55a 


0.6lab 


0.6lab 


0.59 


712 


(800) 






0.53a 


0,71abc 


0.69abc 


0.64 


\k2h 


(1600) 






0.58ab 


0.53a 


0,81c 


0.64 


Average 


1. .1. 






0.59 


0.60 


0.72 


0.64 



Individual treatments not followed by a common letter are significantly 
different at 0.05 probabiUty. 

::. Sources of sludge are significantly different at 0.01 probability and 

source-rate interactions are significantly different at 0.05 probability 
by "F" test. 
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TABLE 105. Calcium Concentration in Corn Seedlings. Milton, 197^.* 



Nitrogen Rate Nitrogen Source 



AmnKinium Calcium Aluminum I ron Sludge 

1 b/ac (kg/ha) N i t ra te SI udge S 1 udge S 1 udge Average 



^ - Ca 
(0) 0.65 ab 

89 (100) 0.68 abc 

178 (200) 0.60 a 0.80 cde 0.68 abc 0.67 abc 0.72 

356 (^00) 0.7^ bed 0.86 de 0.77 bed 0.71 abc 0.78 

712 (800) 0.90 e 0.77 bed 0.69 abc 0.79 

U24 (1600) 0.85 de 0.64 ab 0.71 abc 0.73 

Average^^^ O.85 0.72 0.70 0.75 

C.V. = 8.9^ 

"Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

'--"Sources of sludge are significantly different at 0.01 probability by 
"F" test. 
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TABLE 106. Calcium Concentration in Corn Stover. Milton, 197^-'^ 



Nitrogi 


en 
(kg/ha) 






Nitrogen Sou 


roe 




Rate 
Ib/ac 


Ammon ium 
Nitrate 


Cal cium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Sludge 
Ave rage*'"' 





(0) 


0.30abc 


% 


- Ca 






89 


(100) 


0.30abcd 










178 


(200) 


0.28ab 


0.38cdefg 


0.22a 


0.39cdefg 


0.33 


356 


(itOO) 


0.37bcdefg 


0.35bcdefg 


0.33bcdef 


0.32bcde 


0.3^ 


712 


(800) 




0.^3fgh 


0.39defg 


O.^lefg 


0.41 


\k2k 


(1600) 




0.51h 


0.38cdefg 


Q.^4qh 


O.UA 



Average" 



O.kl 



0.33 



0.39 



0.38 



CV=13.5^ 



Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

Sources of sludge and rates of sludge are significantly different at 
0.01 probability source-rate interactions are significantly different 
at 0.05 probability by "F" test. 
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TABLE 107. Ammonium Acetate Extractable Magnesium in Surface Soil (0-6 in) 
Elora Corn, Fall , 1973." 



Nr troge 


n 






Ni trogen Source 






Rate 


Ammon 1 urn 


Calcium Aluminum 


1 ron 


Siudge'^A 


Ib/ac 


(kg/ha) 


Nitrate 


Sludge Sludge 


Sludge 


Average 










yg/g 











(0) 


576abc 








85 




(100) 


5A9abc 








178 




(200) 


549abc 


SOlab 608bc 


it67a 


525 


356 




(i|00) 


592bc 


549abc 592bc 


603bc 


581 


712 




(800) 




512abc 507ab 


629c 


5^9 


1^24 




(1600) 




555abc 501ab 


603bc 


553 


Average 


;A* 






529 552 


575 


552 



CV=11^5 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

VcA Source - rate interactions are significantly different at 0.05 probability 
by "F" test. 
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TABLE 108. Ammonium Acetate Extractable Magnesium in Surface Soil (0-6 in). 
Milton, Fall , 1973.=^ 



Nitrogen 


(kg/ha) 




Ni trogen 


Source 






Rate 
Ib/ac 


Ammon i um 
Nitrate 


Calcium 
Sludge 


Aluminum 
SI udge 


1 ron 
Sludge 


S 1 udge 
Average 








s 


yg/g 









(0) 


259bcde 










89 


(100) 


255abcde 










178 


(200) 


289e 


223abcd 


285e 


27Icde 


260 


356 


(^00) 


275de 


217abc 


283e 


283e 


261 


712 


(800) 




201a 


287e 


273cde 


25^ 


U2^ 


(1600) 




207ab 


3^3f 


307ef 


285 


Average-" 






212 


299 


283 


265 



cy=]]>i 



" Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

"- Sources of sludge are significantly different at 0.01 probability by 
"F" test. 
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TABLE 109. Magnesium Concentration in Corn Seedlings. Elora, 197^.* 



Nitrogen Rate Nitrogen Source 

Anvnoni uiri Gal ci urn Aluminum I ron SI udge 

Ib/ac (kg/ha) Nitrate Sludge Sludge Sludge Average*- 



^ - Mg 
0.56 cdefg 

89 (100) 0.65 efg 

178 (200) 0.68 g O.58 cdefg 0.55 bcdef 0.66 fg 0.60 

356 (^00) 0.60 defg 0.55 bcdef 0.5^ bcdef 0.53 abcde 0.5^ 

7)2 (800) 0.50 abed 0.^6 abc 0.41 a 0.46 

1424 (1600) 0.50 abed 0.41 a 0.43 ab 0.45 

Average 0.53 0.49 0.51 0.51 

C.V. = 12.1^ 

^Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

"*Rates of sludge are significantly different at 0.01 probability by 
"F" test. 



TABLE 110. Magnesium Concentration in Corn Seedlings. Cambridge, 197^.» 



Nitrogen Rate Nitrogen Source 

Ammonium Calci um Al uminum I ron Sludge 
Ib/ac (kg/ha) Nitrate Sludge Sludge Sludge Average 

% - Mg 
(0) 0.29 a 

89 (100) 0.36 abc 

178 (200) 0.42 c 0.41 be 0.33 abc 0.3] ab 0.35 

356 (400) 0.33 abc 0.34 abc 0.31 a O.38 abc 0.34 

712 (800) 0.41 be 0.36 abc 0.34 abc 0.37 

1424 (1600) 0.41 be 0.33 abc 0.31 ab 0.35 

Average^vA . 39 0.33 . 34 . 35 

C.V. = 14.8^ 

"Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

""Sources of sludge are significantly different at 0.05 probability by 
"P' test. 
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TABLE 111. Magnesium Concentration in Corn Stover. Elora, 197^- 



Ni troc 


jen 






Nitrogen 


Source 




Rate 


Ammon i um 


Calcium 


Aluminum 


1 ron 


Sludge 


Ib/ac 


(kg/ha) 


Nitrate 


Sludge 


Sludge 


Sludge 


Average 










% - Mg 









(0) 


0.23a 










89 


(100) 


0.35bcd 










178 


(200) 


0.39d 


0.37cd 


0.36bcd 


0.3^bcd 


0.35 


356 


(i*00) 


0.36bcd 


0.35bcd 


0.36bcd 


0.3^bcd 


0.35 


712 


(800) 




0.36bcd 


0.37cd 


0.32bc 


0.35 


1A2^ 


(1600) 




0.33bc 


0.33bc 


0.31b 


0.33 



AverageAA O.36 0.35 0-33 0.35 



CV=7.5^ 

-'< Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

^••^- Source of sludge are significantly different at 0.05 probability by 
"F" test. 
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TABLE 112. Iron Concentration in Corn Stover. Milton, 1 97^ ■ "'• 



Nitrogen Nitrogen Source 



^^^^ Ammonium Calcium Aluminum Iron Sludge 

ib/ac (kg/ha) Nitrate Sludge Sludge Sludge Average^"^ 



Fe -yg/g 






(0) 


U30ab 










89 


(100) 


1970b 










178 


(200) 


I820ab 


I680ab 


2820c 


lit80ab 


1990 


356 


(^00) 


1730ab 


l630ab 


I630ab 


I850ab 


1710 


712 


(800) 




12B0ab 


1270ab 


1280ab 


1280 


\k2k 


(1600) 




930a 


1780ab 


1070ab 


1260 


Average- 


>,,■, 




1380 


1870 


1420 


1560 



CV=31.4^ 

Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

^v--^ Sources of sludge and rates of sludge are significantly different at 
0.05 probabi 1 Ity by "F" test. 
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TABLE 113. Concentrations of Chromium, Lead and Mercury in Corn Stover with 
Different Nitrogen Sources. Field Experiments, 197^. 



Nitrogen Source 
Constituent NH.NO, Calci urn SI udge Aluminum Sludge Iron Sludge Mean 



Cr^^- (ug/g) Cambridge 1.9 1.5 3*8 

Cr'V (yg/g) Milton 1.7 2.3 2.9 

Pb'"^ (ug/g) Milton 5.5 6.2 f.S 

Hg* (ng/g) Milton ** 16 )6 16 

" Effects of nitrogen sources significant at 0.05 probability by "F" test. 

AAEffects of nitrogen sources significant at 0.01 probability by "F" test. 



1.9 


2.3 


1.5 


2.2 


k.e 


5.6 


23 


\B 



TABLE 114. Concentration of Mercury in Corn Grain with Different Nitrogen Sources. 
Field Experiments, 197^. 



Nitrogen Source 
Constituent NH.NO Calcium Sludge Aluminum Sludge Iron Sludge Mean 



Hg^-^ (ng/g) Milton ■•'-■^ 11 16 »2 9 12 



" Effects of nitrogen sources significant at 0.05 probability by "F" test 



"" Hg levels reported are in mg/g (10 g/g) ■ 
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TABLE 115. Nickel Concentration in Corn Stover. Elora, 197^." 



Nitrogen 


(kg/ha) 






Nitrogen 


Sou 


rce 




Rate 

Ib/ac 


Ammon i um 
Nitrate 


Ca 1 cium 
Sludge 


AI umi num 
SI udge 




1 ron 
Sludge 


SI udge 
Average"'^ 





(0) 


1.17a 


Ni 


-yg/g 








89 


(100) 


0.86a 












178 


(200) 


1.08a 


0.96a 


1 .67a 




1 .92a 


1.51 


356 


(400) 


1.25a 


1.03a 


1.67a 




1.46a 


1.38 


712 


(800) 




1.58a 


1.33a 




1.25a 


1.39 


]k2k 


(1600) 




1.50a 


5.33b 




1 .92a 


2.92 



Average*^ 1 .27 2-50 1 .64 1 .80 



CV=63.6^ 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability, 

"" Sources of sludge and sludge-rate interactions are significantly different 
at 0.05 probability and rates of sludge are significantly different at 
O.OI probability by *'F" test. 
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TABLE 116. Zinc Concentration in Corn Stover. Elora, 197^.-'' 



N i trog< 


an 
(kg/ha) 






Ni trogen 


Source 




Rate 
Ib/ac 


Ammon i um 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 

Sludge 


Sludge 
Average*^ 





(0) 


I6ab 




Zn -yg/g 






89 


(100) 


15a 










178 


(200) 


16a 


23abcd 


19abc 


23abcd 


22 


356 


(AOO) 


22abcd 


22abcd 


27bcde 


28cdef 


26 


712 


(800) 




38fg 


31def 


42g 


37 


]k2k 


(1600) 




36efg 


5'»h 


69h 


53 


Ave rag 


le** 




30 


33 


ko 


3^ 



CV=20^ 



A Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

A'^ Sources of sludge, rates of sludge and the source-rate interactions are 
all significantly different at 0.01 probability by "F" test. 
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TABLE 119- Zinc Concentration in Corn Stovei . CimlMUKir. MH 



Ni trogi 


en 

(l<g/ha) 






Nitrogen Source 




Rate 
Ib/ac 


Ammon i urn 
Nitrate 


Calcium 
Sludge 


Aluminum Iron 
Sludge Sludge 


Sludge 
Average'"" 










U9 Zn/g 







(0) 


59abc 








89 


{100) 


klab 








I7d 


(200) 


70abcd 


kka 


58abc 6Aabc 


56 


356 


(400) 


SOabcd 


A7ab 


SSabcde 6labcd 


65 


712 


(800) 




95bcdef 


lOOcdef lOSdefg 


101 


]k2k 


(1600) 




151g 


133efg 135fg 


UO 



Average Sk 95 $2 90 



CV=29.8^ 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

:vvr Rates of sludge are significantly different at 0.01 probability by "F" 
test. 
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TABLE 118. Zinc Concentration in Corn Stover. Milton, 197^.* 



Nitrog( 


tn 






Nitrogen 


Source 




Rate 
















Ammon i um 


Calcium 


Aluminum 


1 ron 


Sludge 


!b/ac 


(kg/ha) 


Nitrate 


SI udge 


Sludge 


Sludge 


Average;^"' 










yg Zn/g 









(0) 


24abcd 










8$ 


(100) 


23abcd 










178 


(200) 


20a be 


I6a 


m 


21abc 


23 


356 


(400) 


23abcd 


iBab 


26bcd 


28cd 


24 


712 


(800) 




21abcd 


2 4a bed 


22abcd 


22 


1424 


(1600) 




23abcd 


43e 


29cd 


32 


Average-" 




20 


3T 


25 


m 



CV=19^ 



Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

Sources of sludge and rates of sludge are significantly different at 
0.01 probability and source-rate interactions are significantly different 
at 0.05 probability by "F" test. 
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TABLE 119* Zinc Concentration in Corn Grain. Elora, 197^-" 



Ni trog 


en 






Nitrogen 


Source 




Rate 


Ammonium 


Cal cium 


Aluminum 


1 ron 


Sludge 


Ib/ac 


(kg/ha) 


Nitrate 


Sludge 


S ludge 


Sludge 


Average** 




' 






Zn yg/g 









(0) 


21abc 










89 


(100) 


19a 










178 


(200) 


21abc 


22abcd 


20ab 


25bcde 


22 


356 


(^00) 


20ab 


20abc 


24abcd 


25bcde 


23 


712 


(800) 




25cde 


2^bcd 


27de 


26 


1^424 


(1600) 




2^bcd 


27de 


30e 


27 



Average 



AA 



23 



24 



27 



2k 



CV=1I.8^ 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability. 

*''= Sources of sludge and rates of sludge are significantly different at 
0.01 probability by "F" test. 
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TABLE 120. Concentration of Various Constituents in Corn Grain Where a 
Normal Rate [89 Ib/ac (100 kg/ha)] of Nitrogen Was Applied 
as NH^NO . Field Experiment, 197^. 



Site 
Constituent El era Cambridge Mi Iton Average 



N {%) \.k 1.70 1.40 



m^ix) 










p {%) 


0.25 


0.34 


0.24 




K {%) 


0.48 


0.49 


0.54 




Ca [%) 


0.06 


0.06 


0.04 




Mg it) 


0.12 


0.15 


0.12 




Na 










Al (Mg/g) 


5.20 


4.30 


4.30 




Fe Cug/g) 


25 


23 


20 




Mn CJg/g) 


2.70 


5.70 


5.30 




B (yg/g) 








' 


Cd (pg/g) 


0.13 


0.17 


0.15 




Cu (yg/g) 


2.00 


4.70 


1.30 




Cr (Ug/g) 


0.50 


0.30 


0.37 




Ni (ug/g) 


0.42 


0.17 


0-33 




Pb (yg/g) 


0.93 


0.53 


0.47 




Zn (yg/g) 


19 


27 


21 




Hg (ng/g) 


12 


13 


22 




-Q 

•■• 10 g/g uni ts 
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TABLE 121. Concentration of Various Constituents in Corn Stover Where a 
Normal Rate [89 Ib/ac (100 kg/ha)] of Nitrogen Was Applied as 
NH^NO Field Experiment, 197^- 



Const ituent 



Elora 



Site 
Cambridge 



Milton 



Average 



N {%) 


1.05 


0.75 


0.82 


NO^ {%) 


.03 


0.04 


0.01 


P {%) 


0.10 


0.11 


0.10 


K {%) 


0.79 


}.Qk 


0.56 


Ca {%) 


0.5^ 


O.'tS 


0.30 


Mg {%) 


0.35 


0.23 


0.24 


Na 








Al (ng/g) 


180 


770 


1100 


Fe (yg/g) 


390 


1007 


1970 


Mn (pg/g) 


A9 


86 


61 


B (ug/g) 


6.0 


5.3 


5-7 


Cd (ug/g) 


0.28 


0.35 


0.09 


Cu (ug/g) 


6.7 


8.3 


3.3 


Cr (pg/g) 


0.83 


1.93 


1.67 


Ni (yg/g) 


0.86 


1.58 


2.27 


Pb (yg/g) 


A. 7 


10.30 


6.3 


Zn (yg/g) 


15 


47 


23 


Hg (ng/g)A 


52 


24 


14 



-Q 

* 10 g/g units. 
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5. NITROGEN 

5- 1 Objectives 

The objectives of the research with sludge nitrogen were to 
determine what factors are involved in the conversion of nitrogen applied 
in sludge to NH, and NO. , and to determine the movement of NO through 
the soi 1 prof i le. 

5.2 Materials and Methods 

5-2.1 Soil profile sampling for NO. , NH. and pH 

Three replicates of plots receiving 0, 356 (400) and 712 (800) 
lb N/ac (kg/ha) of iron treated sludge were sampled in each of the three 
corn experiments and the grass experiment in June, October and November, 
1974. It should be noted that in April or early May the plots having 
received 0, 712 (800) and 1424 (1600) lb N/ac (kg N/ha) of iron sludge the 
previous year were sampled. The change in treatments sampled resulted 
from a conclusion that the rates of 0, 356 (400) and 712 (800) lb N/ac 
(kg/ha) covered a range more likely to be covered with the guidelines of 
sludge application which- are being evolved. The following depths or layers 
were sampled: 0-6 (0-15). 6-12 (15*30), 12-18 (30-45), 18-24 (45-60) and 
24-36 (60-90) inches (cm). NO , NH, and pH determinations were made using 
the methods reported in Volume II of this study for FY 73/74. 

5-2.2 Surface soil sampling for NO , NH. and pH 

At the end of June, the surface 0-6 in (0-15 cm) of soil on 
selected plots other than those sampled from the profile were sampled. 
The plots sampled were the three replications of the 89 (100) and 356 
(400) lb N/ac (kg N/ha) with the ammonium nitrate treatment, and 356 (400) 
and 712 (800) lb N/ac (kg N/ha) with the calcium and aluminum sludge 
treatments. Data from similar treatments with the iron sludge from the 
0-6 in (0-15) layer of the profile sampling were included for comparisons. 
NO , NH, , and pH were determined by methods previously indicated in 
Volume II of this study. 
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5.2.3 Soi 1 solution study 

Soil solution samplers with ceramic tips were inserted in the 
soil to a depth of three feet in 2.5 percent slope plots which received 
100 kg N/ha as NH^NO^ or 800 kg N/ha as sludge in the runoff experiment. 
In addition, samplers were similarly inserted in plots of the corn 
experiment at Elora which received the following treatments: 100, 200 
and 400 kg N/ha as NH^NO^ and 200. 400 and 800 kg N/ha of iron sludge. 
In addition, samplers were inserted only to the 1.5 foot depth in plots 
of this experiment which had received 1600 kg N/ha as Ca-, Al- and Fe-treated 
sludges. These were inserted to this shallower depth with the objective 
of determining the presence of heavy metals in the soil solution. 

Two samplers were inserted in each plot with the appropriate 
treatment (two replications) of the runoff experiment whereas one sampler 
was inserted in each plot of the appropriate treatment (three replica- 
tions) in the corn experiment at Elora. The samplers were inserted during 
July and August. Samples of subsoil water were taken beginning in Septem- 
ber and on a biweekly basis beginning October 21, 197^ for NO " analysis. 

5-2.4 Laboratory studies 

The laboratory experiment (Experiment 1) reported on at the 
Sludge Handling and Disposal Seminar, Toronto, Ontario, September 18-19, 
1974 was continued and finally terminated January 2, 1974, after 53 weeks. 
The methods and materials for this experiment were outlined in Volume II 
of this study for FY 73/74. 

A second experiment (Experiment 2) of similar design to 
Experiment 1 was begun to compare nitrification rates and patterns of 
different sludges mixed with soil. A major reason for this experiment 
was to determine whether the aluminum sulphate treatment may be responsible 
for retarding the nitrification process. Sludges from Tilsonburg, Kitchener. 
Guelph, Point Edward (1973) which were treated with aluminum sulphate are 
being compared with sludges from North Toronto and Point Edward (1974) 
which were treated with ferric chloride (Table 122). As in Experiment 
1, sludge was mixed with a silt loam so as to provide 12,000 ug N i n a 
mixture of 15 g soil plus 15 g medium quartz sand. The treated soil was 
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placed in a Buchner funnel, incubated at approximately 0.3 bar moisture 

and 25 C and leached weekly. The leachates were analysed for NO. -N. 

The experiment is currently in its 17th week and will be continued. 

A third experiment (Experiment 3) has just been set up to 

study the rate of decomposition of the "organic N" component of sludge 

N. Five sludges varying in N content and chemical treatment (Table 

123) were chosen for this study. The soluble and exchangeable NH. 

fractions were removed from each of the sludges by centri f ugat ion and 

two extractions with water and then two extractions with 2N KCl followed 

by two washings with water to remove any KCl present. Water was then 

added to reconstitute the residual sludge to approximate the consistency 

of the original sludges. Each reconstituted sludge containing only organic 

N was then mixed with a soil/sand mixture (15 g soil + 15 g medium quartz 

sand) and placed in a Buchner funnel. (The quantity of sludge used was 

such that 12,000 yg N was added per 15 g soil.) The treated soil/sand 

mixture was then immediately leached with 125 ml of HO and incubated at 

0.3 bar moisture tension. Leachates were collected weekly and analysed 

for NO^ , NH, and total N. Each treatment was replicated three times. 
3 H 

5.2.5 Greenhouse study 

The soil in pots of the Greenhouse Experiment described in 
section 6 was sampled after the first harvest of ryegrass and analysed 
for water soluble NO and exchangeable NH, . Possible subsequent 
samplings for this purpose were not undertaken because of a special 
treatment applied to these soils to remove excessive quantities of 
salts. 

5.3 Results and Discussion 

5.3.1 Soil profile samplings for NO , NH. and pH 

5.3.1.1 NO concentrations in soil profiles . The data in Tables 12^, 
125, 126 and 127 show that there was a considerable residual quantity of 
NO- in the profile following sludge application in 1973i particularly on 
the silt loam site, in late April or early May (Table 125). The quantity 
of NO- significantly decreased with depth only on the clay loam site (Table 
126) although appreciable decreases with depth also occurred in the other 
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soils (Tables 12^ and 125). Samples from two replications for the 
April 19, ]97i( sampling of the grass experiment were lost; therefore, 
analysis of variance of the remaining data from one replication was impos- 
sible (Table 127). The NO^" present in the profiles at this early sampling 
may have been due to incomplete leaching of the NO " present the previous 
fall or nitrification of residual sludge N during the period following 
soi ) thawing. 

The NO -N concentrations increased with increasing sludge N 
application at the June 27. October 7 and November 15 sampling of the sandy 
loam profile under corn (Table 128). The concentrations in different 
layers were significantly different at all three sampling dates. It was 
apparent that NO had moved down below the 0-6 (0-15) in (cm) layer by 
the October 7 and November 15 samplings. However, the movement from 
October 7 to November 15 was only approximately 6 in (15 cm) because of 
the relatively small amount of rainfall. 

The concentrations of NO -N in the silt loam profile on June 
2h and October 1 were greater (Table 129) than that in the sandy loam 
profile (Table 128). The movement of NO " down the profile on November 13 
was not as great as that for the sandy loam profile at approximately the 
same time. The significant depth x rate interaction effect for the 
October 1 sampling indicates that the concentration with depth depended 
on the rate of sludge N application. 

There was no indication of NO movement down the clay loam 
profile (Table 130) probably because of the relatively low rainfall during 
the late summer and fall months. There was no apparent evidence of NO ' 
disappearance through deni tri f icat ion in this profile. The significant 
depth X rate interaction for the June 28 and November II samplings indicate 
that the distribution of NO -N concentration down the profile depended 
on the rate of sludge N application. This was most likely due to the 
increasingly high NO -N concentration in the 0-6 (0-15) in (cm) layer 
with increasing sludge N application but not in the lower layers. 

The concentration of NO -N was much lower in the soil profile 
under grass than In the profiles under the corn plots (Table 131). This 
may be due to decreased nitrification of NH, or greater absorption of 
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NH,"*" and NO ~ by the grass crop. A significant depth x rate interaction 
for all three samplings probably occurred for the same reason suggested 
in the previous paragraph. 

5.3.1.2 NH ,"*" concentrations in soil profiles . The application of sludge 
in 1973 resulted in some residual NH. present especially in the upper 
part of the profile (Tables 12^, 125. 126 and 127). However, the NH^ -N 
concentration was relatively low and not substantially different with sludge 
treatments, although significant effects were obtained (Tables 124, 125 
and 126). 

Although the NH. -N concentration differed with depth at the 
June 27. October 7 and November 15 samplings in the sandy loam profile, 
only at the June 27 sampling did sludge applications have a significant 
effect (Table 132). Similar results were obtained for the June 2k, October 
1 and November 13 samplings of the silt loam profile under corn (Table 

133). 

There was a relatively large increase in NH, -N concentration 

with increasing sludge applied with the June 28 sampling at the clay loam 

site (Table 134). Since the increase occurred mainly in the 0-6 in (0-15 

cm) layer, the depth x rate interaction effect was highly significant. 

Similarly, the depth x rate interaction effect was significant at the 

October 4 sampling although the concentration was much lower than that at 

the June 28 sampl ing. 

The NH."''-N concentrations in the silt loam profile under grass 
were similar to those for corn at the June 18 and September 30 samplings 
(Table 135). However, the NH,"^-N concentration under grass was relatively 
greater than under corn at the November 13 sampling. 

5.3.1.3 pH in soi 1 prof i les . Sludge treatment had no effect on the pH 
of the soil at the earliest sampling in 197^ (Tables 124, 125. 126 and 127). 
The significant depth x rate interactions at the silt loam site (Table 
125) appeared to be due to slightly different trends in pH change down 
the soil profile with each treatment. The changes were small, however. 

The soil pH in the sandy loam profile increased down the 
profile, a natural phenomenon (Table 136). However, the rate of sludge 
application appeared to have a small effect on soil pH at the June 27 
and November 15 samplings. It appeared that the intermediate application 
(400 kg sludge N/ha) decreased pH to the greatest extent. 



Sludge appeared to slightly decrease pH at all three samplings 
in the silt loam profile under corn (Table 137). This change appeared 
to occur only in the upper 30 and ^5 cm of the profile as evidenced by the 
significant depth x rate interaction effect at the October 1 sampling. 
It thus appears that slight pH changes will occur after two applications 
on coarser textured soils. 

Sludge applications had no significant effect on soil pH in the 
clay loam profile at any of the sampling dates (Table 138). The signi- 
ficant increase with depth is a natural phenomenon. Similarly, sludge 
applications had no influence on the pH of the silt loam profile under 
grass (Table 139). The significant depth x rate interaction effect with 
the September 30 sample appears to be of little practical importance. 

5.3.2 Surface soil sampling for N0„ ^ NH,^ and pH 

5,3.2.1 NQ^"-N concentrations in surface soils . The higher rate (356 lb 
N/ac) of N as ammonium nitrate significantly increased the NO^ -N concentra- 
tions in the soil at all three sites where corn was grown (Tables Ul , 
]k2, 1^3 and \k^) . However, the concentration of NO, -N with the higher 
rate of NH,NO_ was lower at the sandy loam site than at the other sites. 

The quantity of NO.~-N produced by each of the sludges at 
each of the sites may be related to the amount of NH^ -N applied in the 
sludges (Table 1^*0). Thus it appears that the aluminum sludge invariably 
contained more Nh/-N than the iron sludge which, in turn, contained 
more NH,'*"-N than the calcium sludge. The NH^"^-N concentration appeared 
to influence the NO "-N concentration at the silt loam and clay loam sites 
(Tables U2 and U3) but not at the sandy loam site (Table 1^1). 

The NO ~-N concentrations were generally much lower in the 
surface soil at the grass site (Table 1^4) than at the corn sites, possibly 
due to restricted nitrification. The NH^NO^ source of N resulted in 
NO '-N concentrations which were generally not different from those with 
the sludge N source. (Although considerable NO^ was applied in the 
NH.NO source, the grass crop may have absorbed most of the NO^ by the 
time of sampling). The relative levels of NO^"-N with the sludge sources 
appeared to correspond with the quantity of NH^ -N applied in each sludge 
(Table 1^0). 
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5.3.2.2 NH, -N concentrations in surface soils . The NH, -N concentra- 
tions were generally lower at the sandy loam site than at the other two 
sites at which corn was grown (Tables 1^5, 146 and 1^7). Except at the silt 

loam site (Table 1A6), the higher level of the NH.NO, source did not increase 

+ ^3 

the NH, -N concentration in the surface soils. Generally, the aluminun 

sludge resulted in the highest NH, -N concentration in the surface soils at the 

corn sites. The higher content of NH, -N in the iron sludge did not appear 

to have any consistent influence on soil NH, concentration relative to 

the NH, -N content of the calcium sludge. 

The NH, -N concentration in the surface soil at the grass 

site (Table 1^8) was approximately similar to that found at the corn site 

on silt loam (Table 1^6). Although more NH. -N was applied with the iron 

sludge than with the calcium sludge, the latter source resulted in higher 

NH, -N concentration in the surface soil. This also occurred with the 

corn plots on silt loam (Table 1^6). The reason for this is not readily 

apparent at this time. 

5*3.2.3 pH in surface soi Is . The pH in the 0-6 in (0-15 cm) layer was 
significantly higher where calcium sludge was applied (Tables 1^9, 150, 151 
and 152). Where ammonium nitrate was applied, the pH tended to be lower 
with the higher rate and was significantly lower in the clay loam soil 
(Table 151). This was probably caused by the acidifying nature of the 
nitrification process involved in conversion of NH, to N0_ by soil 
microorganisms. This effect was not so evident with the sludge although 
the iron sludge at 712 lb N/ac resulted in a significantly lower pH 
than the 356 lb N/ac treatment on the silt loam site (Table 150). 

5.3.3 Soi 1 solution study 

Because of the small amounts of rainfall during the late summer 
and fall months, water samples were not obtained frcxn all of the samplers 
at each date of sampling. 

The NO- -N concentration was generally higher with the 8OO kg 
N/ha treatment in the runoff experiment (Table 153). While the NO -N 
concentration was generally below the accepted level of 10 yg NO -N/ml 
in the runoff experiment with 100 kg N/ha as NH.NO., the level was much 
higher in the corn experiment; the reason for this is not apparent. The 
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concentration with the 200 kg N/ha as NH.NO treatment generally exceeded 
that for the 100 kg N/ha treatment by a substantial margin. 

The NO- -N concentration with Fe-sludge in the corn experiment 
at the 200 kg N/ha treatment was generally lower than that with NH.NO 
at 100 kg N/ha (Table 153)- The 400 kg N/ha treatment of Fe-sludge gene- 
rally resulted in NO -N concentrations higher than for the 200 kg N/ha 
treatment. However, a further increase in Fe-sludge application to 800 
kg N/ha generally did not increase the NO -N concentration. 

The NO.~-N concentration with the 1600 kg N/ha level of applica- 
tion of the sludges was increased considerably at the 1.5 foot {^5 cm) 
depth compared with other treatments at the 3 foot (90 cm) depth. There 
appeared to be less NO at this depth with the Ca sludge than with the 
other two sludges. 

The CI concentration appeared to be generally dependent on the 
amount of sludge applied (Table 15^). However, there also appears to be 
some correspondence between the CI concentration and the NO -N concen- 
tration (Table 153) for the various treatments, including those with 
NH.NO, as the N source. The 1600 kg N/ha rates of different sludges re- 
sulted in a very high concentration at the 1.5 foot {^5 cm) depth. 

5.3.4 Laboratory studies 

Data from laboratory Experiment 1 for the first 27 weeks were 
reported at the Sludge Handling and Disposal Seminar, September 18-19, 
1974. During the 26 weeks following, NO -N continued to be produced 
by soil treated with all three sludges (calcium, aluminum and iron 
treated sludges). The wet or dry pretreatment outlined in Volume II of 
this study appeared to have little influence on NO production during 
the last half of the incubation period. There appeared to be three periods, 
week 19 to week 26, week 27 to week 40 and week 41 to week 52, during 
which the rate of nitrification appeared to be different for the sludges 
as shown in Table 155- The NO ~-N production was relatively high for the 
iron and calcium sludge during the 19th to 26th week period. The NO^ -N 
production decreased appreciably for the iron sludge during the period of 
week 27 to week 52, whereas that for the calcium sludge decreased gradually 
over the same period. NO "-N production was relatively high during the period 
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of week 27 to week ^0 but then decreased again. At the end of the experiment 
it was evident that NO, -N production from the iron and calcium sludges 
had far exceeded the quantity of N applied with the sludge in the NHj,^ 
form. This suggested that a considerable portion of the organic N fraction 
in the sludge had mineralized and was converted to the NO. form. At 
the end of the experiment, the NO^ -N production approximately equalled 
the addition of NH, -N in the aluminum sludge. Judging from the relative 
rates of NO -N production from the soil treated with the three sludges 
(Table 155), it appeared that the total amount of N converted to the NO^ 
form would be less with the aluminum sludge than with the other two sludges. 
It thus appears that the high hydrocarbon content of the aluminum sludge 
(Point Edward, 1973) somehow resulted in a lower recovery of sludge N in 
the NO," form. Unfortunately, this experiment did not include a check treat- 
ment, which meant that the production of NO by the soil Itself could not 
be estimated. This shortcoming was not repeated in Experiment 2. 

Experiment 2 has now been in operation for 17 weeks. The 
production of NO "-N from soil treated with the sludges was greatly 
different in a manner not related to the chemical treatment (Table 122). 
Also, the level of NH,"*"-N in the sludge did not appear to have any influence 
on the NO,"-N production. It is noteworthy that both Point Edward sludges 
resulted in much lower NO, -N production than did the others. Thus it 
appears that although the chemical treatment of sewage at the Point Edward 
treatment plant had been changed there was some characteristic of the sludge 
which apparently inhibited the nitrification process. NO, appeared 
during the second week with the North Toronto and Tillsonburg sludges 
and during the third week with the Guelph and Kitchener sludges. However, 
N0_~ appeared first during the sixth week with the Point Edward (197^) 
sludge and during the ninth week with the Point Edward (1973) sludge. 
The rate of NO ~ production was relatively high during the first few weeks 
for the North Toronto, Tillsonburg, Guelph and Kitchener sludges. The rate 
has tapered off during recent weeks although it is still considerable. 
The rate of NO." production has been relatively constant over time for 
both the Point Edward (1973) and Point Edward (197^) sludges, although 
much slower for the former. 
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Only two leachates have been collected and analysed for NO- 
in Experiment 3- The NO -N concentration data are presented In Table 156 
Although there was little apparent mineralization of sludge organic N at 
week I, there was substantial mineralization with some of the other 
sludges by the second week. The highest production occurred with the 
Kitchener, North Toronto and Guelph sludges. Reasons for this enhanced 
production are not yet apparent. It is noteworthy that the NO -N 
production decreased during the second week for the Point Edward sludge. 
The rate of NO- production was considerably less than that for the 
untreated soi 1 . 

5.3-5 Greenhouse study 

5.3.5.1 NO- -N concentrations in soil . The significant sludges x sludge 
N rate interaction (Table 157) suggested that the amount of NO- remaining 
in the soil after the first harvest depended both on the source and the 

rate. Generally, the amount of NO -N present depended on the relative 

+ 
proportion of the sludge N which was in the NH, -N form. Also, the NO, -N 

concentration increased with the rate of application. A tentative obser- 
vation is that the relative concentration of NO -N with the Fergus 
sludge at the highest rate of application is lower than the others, taking 
into consideration the proportion of NH, -N applied. The Fergus sludge 
had a high concentration of Cu. Other differences amongst sludges are 
not explainable at this time, 

5.3.5.2 NH . -N concentrations in soil . As shown in Table 157, all 
the main effects and interactions were significant (Table 158). The 
source of the significant interaction effect of sludges and sludge N 
rates is difficult to discern, except that the amount of NH, -N 

present may have depended on the rate of each sludge in a different manner. 
The sludge N rate x pH interaction occurred because the increase of NH^ -N 
with rate was greater at soil pH 5.0 than at soil pH 7'0. This may 
mean that NH, was more readily nitrified at pH 7.0 or that the minerali- 
zation of sludge "organic" N was more rapid at pH 5-0. The sludges 
X sludge N rates x pH interaction may be interpreted to mean that the 
amount of NH. -N present for each sludge depended on the rate and on 
soil pH. The high NH, -N concentration with the highest application 
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of the Fergus sludge may be due to the high Cu content of this sludge 
resulting in nitrification inhibition, 

5.^ Summary and Conclusions 

5.^.1 Soil profile sampling for NO. , NH, and pH 

There was a considerable quantity of residual NO. present 
in the profile at each site at the first sampling in 197^ before sludge 
was applied. It cannot be ascertained whether the NO persisted in the 
profile over the winter months or was produced after soil thawing in the 
spring. 

The NO '-N concentration in the profiles increased substantially 
following the 1974 application of sludge on plots which had received 
the same rate of sludge N the previous year. It was apparent that some 
movement of NO^ down the profile occurred but not to the same extent 
as during the previous year because of lower rainfall. The NO- -N 
concentration was much greater in the silt loam and clay loam profiles 
than in the sandy loam profile. The reason for this is not apparent since 
little leaching occurred. There was no apparent loss of NO, in the 
clay loam profile as in the fall of the previous year when deni trif icat ion 
apparently occurred. As in the previous year the NO -N concentration 
under grass was much lower than that under corn on the silt loam site. 

The NH.''"-N concentration in the profiles at the various samplings 
was relatively low and not substantially affected by sludge treatments. 
This may be due to the relatively rapid conversion of NH. to NO. 
when sludge is applied or incorportated into soil. 

There appeared to be an effect of sludge application on pH 
of the uppermost soil layer at the sandy loam and silt loam sites. 
This was likely due to the acidity resulting during the nitrification 
process. It may suggest that the buffering capacity of these coarser 
soils may have been slightly impaired following two sludge applications. 

5.4.2 Surface soil sampling for NO , NH. and pH 

The quantity of NO produced in the surface soil with the 
sludge treatments at each site appeared to be related to the quantity 
of NH, -N applied with the sludge. Thus, the aluminum sludge appeared 
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to produce more NO than did the other two sludges. This effect was 
most apparent at the silt loam and clay loam sites. 

The pH of the surface soils which received calcium sludge 
were higher than for the other sludges. Thus, the acidifying effect of 
the nitrification process may be countered by the lime applied with the 
calcium sludge. 

5.^.3 Soi 1 solution study 

Considerable difficulties were encountered in obtaining soil 
solution samples from each of the ceramic-tipped samplers because of 
the relatively low rainfall during the late summer, fall and early 
winter months. In general, however, the NO -N concentration was higher 
than that normally accepted (10 yg NO. -N/ml). Even low rates of NH^^NO, 
or sludge N resulted in high NO -N concentrations. This may be related 
to the relatively low quantities of rain water. The concentration of 
CI generally tended to coincide with the NO^ -N concentration in the 
samples obtained. 

5.^.^ Laboratory studies 

In Experiment 1, NO. production continued up to and including 
the 52nd week at which time the experiment was terminated. The NO 
production from the aluminum sludge (Point Edward, 1973) treated soil 
was much lower than for soil treated with calcium or iron sludge. Thus 
the apparent disappearance, indicated earlier (Sludge Handling and Disposal 
Seminar, September I8-I9, 197^), of available NH^ -N appears to be real. 
Although no mechanism for this apparent disappearance can be suggested 
at this time, the possible role of hydrocarbon content cannot be ignored. 

In Experiment 2, now in operation for 17 weeks, the produc- 
tion of NO differed depending on the sludge source but not in a manner 

3 + 

which can be related to either the chemical treatment or NH^ -N 

content of the sludges at this time. Some unknown factor appears to be 

operative in regulating NO production. It is noteworthy in this respect 

that the Point Edward (197^) sludge resulted in considerably less NO 

production than other sludges, in a manner not dissimilar to that for the 

Point Edward (1973) sludge but not as pronounced. It should be further 

noted that the Point Edward (197^) sludge was treated with FeCl. whereas 

the Point Edward (1973) sludge was treated with f^^2^^^k^3' 
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The few data available for Experiment 3 suggest that the 
organic N in some sludges may be readily transformed to NO-'. However, 
the Point Edward (197^) sludge appears to have an inhibiting effect on 
thi s transformation. 

5.^-5 Greenhouse study 

The amount of NO remaining in the soil after the first harvest 
of ryegrass depended on both the source and rate of sludge applied. 
Generally, the amount of NO. present depended on the amount of NH.''"-N 
applied. Although the concentration of Cu in one sludge may have affected 
the production of NO , this cannot be ascertained at this time. The 
amount of NH, -N present in the soil depended on the amount of sludge 
applied and, in some instances, apparently on the relative rate of nitri- 
fication of the NH, . The increase of NH. -N concentration appeared to 
be greater at soil pH 5.0 than 7.0. It could not be ascertained whether 
this was due to increased nitrification at pH 7.0. 
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TABLE 122. 



Total Nitrogen and Soluble and Exchangeable NH, rn Six Sludges 
Used In the Laboratory Studies and N0_ -N Production During 
17 Weeks Incubation With Soil (Experiment 2). 



Sludge N Fractions 



U 



S ludge 
Source 


Treatment 


Total 
NA 


Soluble 


Exchangeable 
NH,j -N* 


NO3 -N 
Production 






% 


(yg/g) 


(ug/g) 


(ug/g/17 wk) 


North Toronto 


FeCl 


0.30 


913 


63 


2^3 


Pt. Edward (1973) 


^2(30^)3 


0.10 


^00 


25 


20 


Pt, Edward (197^) 


feCl 


0.31 


588 


63 


80 


Ki tchener 


Al2(S0^)3 


0.28 


1250 


84 


]hO 


Guelph 


Al2(SO^)3 


0.17 


613 


38 


156 


Ti 1 sonburg 


Al2(S0^)3 


0.17 


555 


61 


230 


Afiuid basis. 
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TABLE 123. N Composition of Original Sludges, Total Organic N Lost in NH^ Removal Procedure, and Total 
Organic N Composition of Reconstituted Sludges Used in Laboratory Experiment 3- 

(yg Ng) 

Original Composition Total Org. N 

Exch. removed Residual org. 

Sludge Source Treatment Sampled Total N H^O Sol. NH^^ '^-N NH^ Org- N in Washes, N^^ O added 

Kitchener {h) Al2(S0^)^ 8/5/7^ 3500 1200 167 2133 ^28 2650 

North Toronto (1) Fed. 20/11/7^ 3000 713 ^0 2207 387 2^130 



Vfl 





Date 




Treatment 


Sampled 


Total N 


Al2(S0i^)3 


8/5/7^ 


3500 


FeCl 


20/11/7^ 


3000 


FeCl^ 


27/11/7^ 


1800 


Ca(0H)2 


26/11/7^ 


1700 


Al2(SO^)3 


28/11/7^ 


UOO 



Point Edward (1) FeCl 27/11/7^ 1 8OO 513 2S 1262 257 1515 
Newmarket (2) Ca(OH)- 26/11/7^ 1700 313 3^ 1357 219 I85O 



Guelph AU(SO,), 28/11/7^ 1^00 550 



167 


2133 


i*28 


m 


2207 


387 


2i 


1262 


257 


30 


1357 


219 


35 


815 


12^ 
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TABLE 12^. NO -N and Exchangeable NH, -N Concentrations and pH in Sandy Loam Soil Profile (Cambridge; 
Corn Experiment) in Plots Having Received Different Quantities of Fe-treated Sludge. 
Sampled April 8-9, 197^. 



Depth 
in (cm) 



Sludge Rate - lb N/ac (kg N/ha) 






712 (800) 


1424(1600) 




(ug NO^"-N/g) 




ii,B 


5.1 


7.3 


4.5 


3.6 


4.7 


2.3 


2.5 


4.7 


2.1 


2.4 


3.8 


2.2 


2.0 
(ug NH^'^-N/g) 


6.9 


4.0 


3.0 


6.0 


3.4 


2.0 


3.2 


1.2 


1.1 


2.4 


1.5 


0.7 


1.6 


1.0 


0.5 


0.8 


7.8 


8.0 


7.9 


8.0 


8.0 


8.0 


8.1 


8.2 


8.1 


8.2 


8.2 


8.3 


8.0 


8.0 


8.0 



Significance of Effect 
Depths Rates D x R 






NO^ -N 



NH^'*"-N 



pH 



0- 


6 


( 0-15) 


6- 


12 


(15-30) 


12- 


18 


(30-45) 


18- 


■24 


(45-60) 


24- 


36 


(60-90) 


0- 


- 6 


( 0-15) 


6- 


12 


(15-30) 


12- 


-18 


(30-45) 


18- 


■24 


(45-60) 


2k- 


•36 


(60-90) 


0- 


■ 6 


( 0-15) 


6- 


■12 


(15-30) 


12- 


■18 


(30-45) 


18- 


-24 


(45-60) 


24- 


■36 


(60-90) 



N.S, 



0.05 N.S. 



0.01 



0,05 N.S 



0.01 



N.S. N.S 



* .05 and .01 indicate level of significance, N.S. indicates effect not significant at .05 level of 
probabi 1 I ty. 



TABLE 125. NO^~-N and Exchangeable NH,'*"-N Concentration, and pH in Silt Loam Soil Profile (Elora; Corn 
Experiment) in Plots having Received Different Quantities of Fe-treated Sludge. 
Sampled April 18-19, 197^. 








Depth 
in (cm) 


Sludge 



Rate - 
71: 


■ lb N/ac (l<g N/ha) 
I (800) 1424 (1600) 


Significance of Effect 




Depths Rates D x R 








(yg 


NO.'-N/g) 






NO,'-N 


0- 6 ( 0-15) 


12.7 




19.5 


20.6 


N.S. .01 N.S. 


3 


6-12 (15-30) 


9.4 




23.5 


22.8 






12-18 (30-^5) 


4.6 




21.5 


30.6 






18-2^ (45-60) 


3.4 




17.3 


21.5 






2V36 (60-90) 


3.0 


(yg 


13.3 
NH^'^-N/g) 


14.4 




NH^"'-N 


0- 6 ( 0-15) 


1.8 




2.0 


3.4 


.01 .01 N.S. 


6-12 (15-30) 


2.0 




2.2 


5.1 






12-18 (30-45) 


1.6 




1.6 


3.2 






18-24 (45-60) 


0.2 




0.6 


1.4 






24-36 (60-90) 


0.2 




0.2 


0.3 




pH 


0- 6 ( 0-15) 


7.2 




7.3 


7.2 


.01 N.S. .01 




6-12 (15-30) 


7.3 




7.2 


7.3 






12-18 (30-45) 


7.4 




7.4 


7.3 






18-24 (45-60) 


7.4 




7.5 


7.5 






24-36 (60-90) 


7.5 




7.7 


7.6 





.05 and .01 Indicate level of significance, N.S. indicates effect not significant at .05 level of 
probabi 1 I ty. 



TABLE 126. NO -N Concentration, NH, -N Concentration and pH in Clay Loa 
Soil Profile (Milton; Corn Experiment) in Plots having 
Received Different Quantities of Fe-treated Sludge. 
Sampled May 6, 197^. 



m 



Depth 



I n 



Sludge Rate- lb N/ac (kg N/ha) Significance of Effect* 

(cm) 712(800) 1424(1600) Depths Rates D x R 



NO -N 


0- 6 


( 0-15) 


19.1 




6-12 


(15-30) 


13.8 




12-18 


(30-45) 


8.5 




18-24 


(45-60) 


7.4 




24-36 


(60-90) 


8.3 



NH^''-N 



pH 



0- 6 


( 0-15) 


3.9 


6-12 


(15-30) 


3.7 


12-18 


(30-45) 


2.3 


18-24 


(45-60) 


1.4 


24-36 


(60-90) 


1.2 


0- 6 


( 0-15) 


7.0 


6-12 


(15-30) 


6.8 


12-18 


(30-45) 


7.0 


18-24 


(45-60) 


7.6 


24-36 


(60-90) 


7.7 



(yg 


NO -N/g) 


21 .2 


22.9 


14.7 


22.2 


13.5 


18.7 


13.6 


14.3 


12.6 


13.3 


(yg 


NH^'*'-N/g) 


7.1 


7.7 


4.6 


7.3 


3.7 


4.2 


3.2 


4.0 


2.4 


2.7 


7.1 


7.1 


7.0 


6.8 


7-5 


6.6 


7.3 


7.1 


7.8 


7.8 



.01 



.01 



N.S. 



.01 



.01 



N.S, 



.01 



N.S. 



N.S 



* .05 and .01 indicate level of significance. 

N.S. indicates effect not significant at .05 level of probability. 
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TABLE ]27. NO_"-N and NH. -N Concentrations, and pH In Silt Loam Soil 
Profile (Elora; Bromegrass Experiment) in Plots having 
Received Different Quantities of Fe-treated Sludge. 
Sampled April 19, 197^." 





Depth 


Sludge 


Rate - Ib/ac 


(kg/ha) 




in 


(cm) 





712 (800) 


1424 (1600) 










(yg NO^"- 


■N/g) 




NO,"-M 


0- 6 


( 0-15) 


7.^ 


9.0 




15.2 




6-12 


(15-30) 


3.2 


5.1 




10.9 




12-18 


(30-45) 


2.2 


3.7 




11.9 




18-24 


(45-60) 


1.3 


1.2 




7.2 




24-36 


(60-90) 


UO 


1.1 

(Ug NH^""- 


■N/g) 


9.6 


NH,"^-N 


0- 6 


( 0-15) 


7.8 


10.9 




6.9 




6-12 


(15-30) 


8.1 


7.^ 




4.6 




12-18 


(30-45) 


3.5 


4.2 




2.2 




18-24 


(45-60) 


2.9 


1.4 




1.4 




24-36 


(60-90) 


\.h 


1.5 




1.7 


pH 


0- 6 


( 0-15) 


7.2 


7.1 




7.2 




6-12 


(15-30) 


7.2 


7.3 




7.1 




12-18 


(30-45) 


7.2 


7.3 




7.2 




18-24 


(45-60) 


7*3 


7.2 




7.2 




24-36 


(60-90) 


7.3 


7.^ 




7.^ 



Data for one replication only. 
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TABLE 128. NO -N Concentration in Sandy Loam Soil Profile (Cambridge; Corn 
Experiment) in Plots having Received Different Quantities of 
Fe-treated Sludge. Sampled June 27, October 7 and November 15, \S7k 



Date Depth Sludge Rate- lb N/ac (kg N/ha) Significance of Effect^ 

In (cm) 356(^00) 712(800) Depth Rate D x R 

(yg NO "-N/g) 

June 27 0-6 (0-15) U.6 29.1 32.3 .01 .01 N.S, 



0- 6 


( 0-15) 


U.6 ' 


29.1 


32.3 


6-12 


(15-30) 


15.4 


27.7 


39.7 


12-18 


(30-45) 


8.8 


13.9 


22.7 


l8-2i| 


(45-60) 


7.8 


7.2 


17.4 



24-36 (60-90) 7.2 3.0 8.8 
Oct. 7 0- 6 ( 0-15) 7.5 11.5 14.7 .01 .05 N.S 



0- 6 


( 0-15) 


7.5 


11.5 


14.7 


6-12 


(15-30) 


7.8 


15.5 


39.1 


12-18 


(30-45) 


3.4 


18.2 


15.4 


18-24 


(45-60) 


2.7 


5.5 


5.9 


24-36 


(60-90) 


1.9 


3.3 


6.0 


0- 6 


( 0-15) 


5.9 


6.9 


10.6 


6-12 


(15-30) 


8.7 


26.6 


23.0 


12-18 


(30-45) 


9.7 


33.7 


24.8 


18-24 


(45-60) 


6.8 


23.2 


18.8 


24-36 


(60-90) 


6.8 


3.8 


11.9 



Nov. 15 0-6 ( 0-15) 5.9 6.9 10.6 .01 .05 N.S 



* .05 and .01 Indicate level of significance. 

N.S. indicates effect not significant at .05 level of probability. 
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TABLE 129. NO -N Concentration In Silt Loam Soil Profile (Elora; Corn 

Experiment) in Plots having Received Different Quantities of Re- 
treated Sludge. Sampled June 2^, October 1 and November 13, ig/^J. 



Date 



Depth 



in 



^cm) 



Sludge Rate-lb N/ac (kg N/ha) Significance of Effect" 
356(^00) 712(800) Depth Rate D x R 



June 2k 0- 6 ( 0-15) 12.5 

6-12 (15-30) 8.7 

12-18 (30-^5) 5.3 

18-2^ (^5-60) 2.1 

2^-36 (60-90) 2.4 



(yg NO^ -N/g) 

47.9 70.2 

21.9 32.3 

13.3 45.5 

8.9 10.6 

7.7 7.7 



.01 



.01 



N.S, 



Oct. 1 0- 6 ( 0-15) 6.5 

6-12 (15-30) 1.3 

12-18 (30-45) 0.3 

18-24 (45-60) 1.3 

24-36 (60-90) 2.9 

Nov. 13 0- 6 ( 0-15) 6.9 

6-12 (15-30) 10.0 

12-18 (30-45) 4.0 

18-24 (45-60) 2.1 

24-36 (60-90) 2.2 



54.9 


99.4 


9.7 


37.2 


5.5 


10.1 


3.8 


10.5 


2.9 


5.7 


6.2 


15.4 


32.7 


66.5 


14.8 


22.9 


4.2 


5.6 


4.3 


3.1 



.01 



.01 



.01 



.01 



.05 



N.S 



'■ .05 and .01 Indicate level of significance. 

N.S. indicates effect not significant at .05 level of probability. 
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TABLE 130. NO-'-N Concentration in Clay Loam Soil Profile (Milton; Corn 
Experiment) in Plots having Received Different Quantities of 
Fe-treated Sludge. Sampled June 28, October k and November 11. 197^ 



Date Depth Sludge Rate-lb N/ac (kg N/ha) Significance of Effect* 
In (cm) 356(^00) 712(800) Depth Rate D x R 



(ug NO- -N/g) 

June 28 0- 6 ( 0-15) 27o7 37.^ 79-9 .01 .01 .01 

20,6 18„6 

9,2 U.7 

6.2 I2ol 

3»8 6.9 

Oct. k 0- 6 ( 0-15) 39.3 'tM 7^.6 .01 .01 N.S, 

6.7 
6.8 
6.4 
7.7 



Nov, 11 



0- 6 


( 0-15) 


27o7 


6-12 


(15-30) 


10.1 


12-18 


(30-45) 


8.1 


18-2A 


(45-60) 


7.5 


24-36 


(60-90) 


5.5 


0- 6 


( 0-15) 


39.3 


6-12 


(15-30) 


7.2 


12-18 


(30-45) 


5.2 


18-24 


(45-60) 


6.6 


24-36 


(60-90) 


7.6 


0- 6 


( 0-15) 


35.8 


6-12 


(15-30) 


7.9 


12-18 


(30-45) 


3.1 


18-24 


(45-60) 


1.6 


24-36 


(60-90) 


2.7 



13. 


,5 


9 = 


,4 


13. 


3 


13. 


,8 


69. 


.5 


15. 


.0 


5. 


.9 


4, 


.7 


4.9 



50.5 69.5 -01 .01 .01 
9.1 
1.5 
1.5 
5.3 



5^ .05 and .01 indicate level of significance. 

N,S„ indicates effect not significant at .05 level of probability, 
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TABLE 131. NO^ -N Concentration in Silt Loam Soil Profile (Elora; Grass 

Experiment) in Plots having Received Different Quantities of Re- 
treated Sludge. Sampled June 18, September 30 and November 13. 1974 



Date Depth Sludge Rate-lb N/ac (kg N/ha) Significance of Effect* 
In. (cm) 356(^00) 712(800) Depth Rate D x R 



June 18 0-6 


( 0-15) 


2.4 


6-12 


(15-30) 


2.0 


12-18 


(30-^5) 


1.5 


18-24 


(^5-60) 


1.1 


24-36 


(60-90) 


1.9 


Sept. 30 0- 6 


( 0-15) 


3.0 


6-12 


(15-30) 


2.5 


12-18 


(30-45) 


1.3 


18-24 


(45-60) 


1.8 


24-36 


(60-90) 


2.1 


Nov. 13 0-6 


( 0-15) 


2.6 


6-12 


(15-30) 


0.6 


12-18 


(30-45) 


1.1 


18-24 


(^5-60) 


0.5 


24-36 


(60-90) 


1.5 



(yg NO^" 


-N/g) 


5.5 


8,0 


2.2 


3.^ 


1.3 


1.2 


2.7 


1.1 


1.7 


1.0 


7.3 


23.^ 


2.4 


5.9 


2.0 


2.1 


2.1 


4.0 


1.2 


2.0 


5. A 


11.5 


2.5 


18.8 


1.2 


3.5 


1.4 


0.7 


1.2 


0.4 



.01 



N.S. 



.05 



.01 



.01 



01 



,01 



.01 



^.05 and .01 indicate level of significance. 

N.S. indicates effect not significant at .05 level of probability. 



159 



TABLE 132. NH, -N Concentration In Sandy Loam Soil Profile (Cambridge; 

Corn Experiment) )n Plots having Received Different Quantities 

of Fe-treated Sludge. Sampled June 27, October 7 and November 15, 

1974. ' 



Date 



Depth 



in 



Sludge Rate-]b N/ac (Kg N/ha) Significance of Effect* 

(cm) 356(400) 712(800) Depth Rate D x R 



June 27 



Oct. 7 



Nov. 15 



0- 6 


( 0-15) 


5.2 


6-12 


(15-30) 


4.2 


12-18 


(30-45) 


2.2 


18-24 


(45-60) 


2.3 


24-36 


(60-90) 


1.3 


0- 6 


( 0-15) 


6.1 


6-12 


(15-30) 


2.9 


12-18 


(30-45) 


1.8 


18-24 


(45-60) 


0.9 


24-36 


(60-90) 


0.5 


0- 6 


( 0-15) 


2.9 


6-12 


(15-30) 


2.0 


12-18 


(30-45) 


1.3 


18-24 


(45-60) 


0.6 


24-36 


(60-90) 


0.6 



(yg NH^'*"-N/g) 

7.3 
2.7 
3.9 
3.3 
3.3 



8.0 
3.8 
2.2 

1.0 

0.5 

2.9 
2.9 
1.7 
1.1 
0.8 



8.8 
6.1 
3.3 
3.7 
2.7 

8.8 
2.9 
2.9 
0.5 
0.7 

3.5 

2.2 
1.3 
0.9 
0.9 



.01 



.05 



N.S 



.01 



N.S. 



N.S 



.01 



N.S. 



N.S, 



A .05 and ,01 indicate level of significance. 

N.S. Indicateseffect not significant at .05 level of probability. 
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TABLE 133. NH, -N Concentration in Silt Loam Profile (Elora; Corn Experiment) 
In Plots having Received Different Quantities of Fe-treated Sludge. 
Sampled June 2k, October 1 and November 13, 197^. 



Date Depth Sludge Rate- lb N/ac (k^ N/ha) Significance of Effect* 
In (cm) 356(400) 712(800) Depth Rate D x R 



June 2k 



0- 6 

6-12 

12-18 

18-24 



( 0-15) 
(15-30) 
(30-45) 
(45-60) 



7.8 
5.1 
3.7 
2.7 



24-36 (60-90) 2.0 



(ug NH^ -N/g) 

8.9 10.0 

3.6 4.4 

4.3 t.:7 

1.9 5.4 

1.2 3.7 



,m 



.01 



N.S 



Oct. 1 



Nov. 13 



0- 6 


( 0-15) 


5.5 


5.9 


7*3 


6-12 


(15-30) 


4.3 


4.0 


4.2 


12-18 


(30-45) 


1.9 


2.4 


2,6 


18-24 


(45-60) 


1.3 


1.6 


1,8 


24-36 


(60-90) 


1.1 


1.3 


K3 


0- 6 


( 0-15) 


2.8 


3.9 


%M 


6-12 


(15-30) 


2.0 


2.8 


2.6 


12-18 


(30-45) 


1.3 


1.6 


i.l 


18-24 


(45-60) 


1.2 


0.9 


1.0 


24-36 


(60-90) 


0.7 


1.0 


0.6 



.01 



N.S. 



N.S 



.0 



N.S. 



N.S, 



'"• .05 and .01 indicate level of significance. 
N.S. indicatesef feet not significant at .05 level of probability. 
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TABLE 13^. NH^ -N Concentration in Ciay Loam Soil Profile (Milton; Corn 
Experiment) in Plots having Received Different Quantities of 
Fe-treated Sludge. Sampled June 28, October k and November 11, 



Date 



Depth 



In 



(cm) 



June 28 



Oct k 



Nov 



Sludge Rate-lb N/ac (kg N/ha) 
356(AOO) 712(800) 



0- 6 


( 0-15) 


9.3 


6-12 


(15-30) 


4.6 


12-18 


(30-45) 


2.9 


18-24 


(45-60) 


1.6 


2^-36 


(60-90) 


1.2 


0- 6 


( 0-15) 


2.4 


6-12 


(15-30) 


1.5 


12-18 


(30.45) 


0.8 


18-24 


(45-60) 


0.6 


24-36 


(60-90) 


0.3 


0- 6 


( 0-15) 


3.8 


6-12 


(15-30) 


2.5 


12-18 


(30-45) 


1.6 


18-24 


(45-60) 


1.2 


24-36 


(60-90) 


0.7 



Significance of Effect* 
Depth Rate D x R 



(ug NH/, -N/g) 

8. a 26.4 



^.7 
1.3 
0.8 
0.6 

V.3 
1.8 

1.0 
1.1 
0.7 

4.9 
3.1 
1.3 
0.8 
0.8 



5 


.2 


2 


.0 


1 


.1 





.9 


4 


.2 


1 


.9 


1, 


.4 


0, 


.9 


0, 


.7 


7. 


.5 


3. 


7 


2. 


,2 


1. 


1 


0. 


9 



.0 



.01 



.0 



.01 



.0 



.01 



.0 



.05 



N.S 



* .05 and .01 indicate level of significance N.S. indicates effect not 
significant at .05 level of probability. 
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TABLE 135. NH, -N Concentration in Silt loam Soil Profile (Elora; Grass 

Experiment) In Plots having Received Different Quantities of 

Fe-treated Sludge. Sampled June 18, September 30 and November 13, 
I97A. 



Date 



Depth 



in 



Sludge Rate-lb N/ac (kg N/ha) Significance of Effect^ 

(cm) 356(^00) 712(800) Depth Rate D x R 



(pg NHi,'^-N/g) 

June 18 0- 6 ( 0-15) 6.3 7.9 10.1 .01 .01 N.S. 

6-12 (15-30) 4.0 4.3 5.6 

12-18 (30-45) 1.9 1.6 2.1 

18-24 (45-60) 0.9 1.0 1.8 

24-36 (60-90) 0.7 0.6 1.3 



Sept. 30 0- 6 ( 0-15) 4.0 

6-12 (15-30) 3.1 

12-18 (30-45) 1.6 

18-24 (45-60) 1.4 

24-36 (60-90) 1.0 



6.0 
3.8 
2.2 
1.8 
1.4 



7.6 
6.1 
2.6 
2.9 
1.1 



.01 



.01 



N.S. 



Nov. 13 



0- 6 


( 0-15) 


6.8 


6-12 


(15-30) 


12.3 


12-18 


(30-45) 


2.6 


18-24 


(45-60) 


1.7 


24-36 


(60-90) 


1.6 



4.3 

5.7 
3.0 

1.9 
2.0 



12.4 

7.0 

14.5 
2.6 

1.9 



.01 



N.S. 



N.S 



* .05 and .01 indicate level of significance. 

N.S. indicates effect not significant at .05 level of probability. 



163 



TABLE 136. pH of Sandy Loam Soil Profile (Cambridge; Corn Experiment) in 

Plots having Received Different Quantities of Fe-treated Sludge. 
Sampled June 27, October 7 and November 15, J97^. 



Date 



Depth 



in 



(cm) 



Sludge Rate- lb N/ac (kg N/ha) Significance of Effect^ 

356(^00) 712(800) Depth Rate D x R 



June 27 0- 6 ( 0-15) 7.6 

6^12 (15-30) 7.5 

12-18 (30-^5) 7.7 

18-2^ (i*5-60) 7.9 

2^-36 (60-90) 8.0 

Oct. 7 0- 6 ( 0-15) 7.6 

6-12 (15-30) 7.5 

12-18 (30-45) 7.6 

\S-2k (if5-60) 7.8 

2^-36 (60-90) 7.9 

Nov. 15 0- 6 ( 0-15) 7.8 

6-12 (15-30) 7.7 

12-18 (30-^5) 7.8 

18-24 (45-60) 7.9 

24-36 (60-90) 7.9 



7.0 


7.3 


7.2 


7.4 


7.5 


7.6 


7^7 


7.8 


7.8 


7.9 


7.5 


7.5 


7.5 


7.6 


7.6 


7.7 


7-8 


7.9 


7.9 


7.9 


7*5 


7.6 


7.5 


7.8 


7.7 


7.9 


hs 


7.9 


8.2 


8.1 



.01 



.01 



N.S, 



.01 



N.S. 



N.S 



01 



.05 



.01 



" .05 and .01 indicate level of significance, 

N.S. indicates effect not significant at .05 level of probability. 
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k. 



TABLE 137. pH of Silt Loam Soil Profile (Elora; Corn Experiment) in Plots 

having Received Quantities of Fe-treated Sludge, Sampled June 2k, 
October 1 and November 13, 197^. 



Date 



Depth 



in 



(cm) 



Sludge Rate-lb N/ac (kg N/ac) 
356(^00) 712(800) 



Significance of Effect* 
Depth Rate D x R 



June 2k 0- 6 ( 0-15) 7.5 

6-12 (15-30) 7.5 

12-18 (30-i(5) 7.6 

18-24 (it5-60) 7.8 

2^-36 (60-90) 7.9 



7.5 
7.7 
7.7 
7.9 



7.1 

7.5 
7.5 
7.8 
7.9 



.01 



.01 



N.5 



Oct. 1 



Nov. 13 



0- 6 


( 0-15) 


7.7 


6-12 


(15-30) 


7.6 


12-18 


(30-45) 


7.8 


18-24 


(45-60) 


7.9 


24-36 


(60-90) 


7.9 


0- 6 


( 0-15) 


7.7 


6-12 


(15-30) 


7.6 


12-18 


(30-45) 


7.7 


18-24 


(45-60) 


7.8 


24-36 


(60-90) 


7.9 



7.5 
7.7 
7.8 

7.9 
7*9 

7*6 

7.5 
7.6 
7.& 
7.B 



7.3 
7.5 
7.7 
7.8 
7.9 

7.5 
7.4 
7.5 
7.7 
7.8 



.01 



.01 



.05 



.01 



.01 



N.S 



* .05 and .01 indicate level of significance, 

N,S. indicates effect not significant at .05 level of probability. 
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TABLE 138. pH of Clay Loam Soil Profile (Milton; Corn Experiment) In Plots 
having Received Different Quantities of Fe-treated Sludge. 
Sampled on June 28, October k and November 11, 197^. 



Date 



Depth 



in 



Sludge Rate- lb N/ac (kg N/ha) Significance of Effect^ 

(cm) 356(400) 712(800) Depth Rate D x R 



June 28 



Oct. k 



Nov. 



0- 6 


( 0-15) 


7.0 


7 J 


6.8 


6-12 


(15-30) 


6.9 


6.8 


6.6 


12-18 


(30-45) 


7.4 


7.5 


7.3 


18-24 


(45-60) 


7.6 


7.9 


7.7 


24-36 


(60-90) 


8.0 


7.9 


7.9 


0-6 


( 0-15) 


6.7 


6.8 


6.6 


6-12 


(15-30) 


6.5 


6.7 


6.5 


12-18 


(30-45) 


7.5 


7.5 


7.5 


18-24 


(45-60) 


7.7 


7.7 


7.7 


24-36 


(60-90) 


7.7 


7.8 


7.7 


0-6 


( 0-15) 


6.8 


6.6 


6.7 


6-12 


(15-30) 


6.7 


6.6 


6.7 


12-18 


(30-45) 


7.5 


7.3 


7.5 


18-24 


(45-60) 


7.8 


7.7 


7.7 


24-36 


(60-90) 


7.8 


7.8 


7.8 



.01 



M.S. 



N.S 



.0 



N.S. 



N.S 



.01 



N.S. 



N.S 



='= .05 and .01 indicate level of significance. 

N.S. indicates effect not significant at .05 level of probability. 
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TABLE 139. pH of Silt Loam Soil Profile (Elora; Grass Experiment) in Plots 

having Received Different Quantities of Fe-treated Sludge. Sampled 
June 18, September 30 and November 13, 197^. 



Date 



Depth 



in 



Sludge Rate-lb N/ac (l<g N/ha) Significance of Effect* 

(cm) 356(400) 712(800) Depth Rate D x R 



June 18 



Sept. 30 



Nov. 13 



0- 6 


( 0-15) 


7.8 


6-12 


(15-30) 


7.8 


12-18 


(30-45) 


7.9 


18-24 


(45-60) 


7.8 


24-36 


(60-90) 


8.1 


0- 6 


( 0-15) 


7.7 


6-12 


(15-30) 


7.7 


12-18 


(30-45) 


7.7 


18-24 


(45-60) 


7.7 


24-36 


(60-90) 


7.9 


0- 6 


( 0-15) 


7.7 


6-12 


(15-30) 


7.6 


12-18 


(30-45) 


7.8 


18-24 


(45-60) 


7.8 


24-36 


(60-90) 


7.9 



7.7 

7.7 
7.8 

7.9 

8.0 

7.6 

7.7 
7.8 
7.8 
7.9 

7.6 
7.7 
7.7 
7.9 

8.0 



7.7 
7.8 

7.9 
7.9 
7.9 

7.6 

7.7 
7.8 
7.8 
8.2 

7.5 
7.6 

7.7 

7.8 

7.9 



.01 



N.S. 



N.S 



.01 



N.S. 



.05 



.0 



N.S. 



N.S 



^ ,05 and .01 indicate level of significance. 

N.S. indicates effect not significant at .05 level of probability. 
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TABLE UO. Quantity of NH^ -N (Soluble + Exchangeable) Applied per each 100 
kg Total Sludge N per hectare of Each Sludge Applied at Each of 
Four Sites in 197^. 



NH[t''"-N applied per 100 kg total sludge N/hectare 

Site (Crop) Calcium Sludge Aluminum Sludge Iron Sludge 

(kg NH^'^-N/ha) 

Elora (corn) 21 ^1 36 

E lora (grass) 29 ^5 3^* 

Cambridge (corn) 19 kk 29 

Milton (corn) 20 42 32 
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TABLE 1^1. NO, -N Concentration in 0-6 in (0-15 cm) Soli Samples Taken from 
Cambridge Corn Experiment (sandy loam) on June 27, 1975. 



Nitrogen Nitrogen Source ** 

Rate Ammonium Calcium Aluminum JTon Siudqe 

Ib/ac (kg/ha) Nitrate Sludge Sludge Sludge Average 



(vg NO^"-N/g) 
89 (100) 29bA 

356 (ifOO) $ka 22b 28b 29b 2^ 

712 (800) 34b 33b 32b H 



* Individual treatment means not followed by a common letter are siqnif icantlv 
different at O.O5 probability. 

** Ammonium nitrate treatments data are significantly different at 0.01 probability 
by "F" test. ' 



TABLE 1^2. NO^ -N Concentration of 0-6 in (0-15 cm) Soil Samples Taken from 
Elora Corn Experiment (silt loam) on June Zk, 1974. 



Nitrogen Nitrogen Source ** 

Rate Ammonium Calcium Aluminum TF^Ti Sludge 

Ib/ac (kg/liaj Nitrate Sludge Sludge Sludge Average 



NO 



89 (100) 
356 (^00) 
712 (800) 
Average 



3 -N ug/g 



336* 










16b 


31d 


78 be 


^8cd 


52 




69cd 


I67a 


70cd 


102 



* Individual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 

■^* Sludge sources and rates of sludge are significantly different at 0.01 probability 
by "F" test. ' 



TABLE 1^3. NO "-N Concentration In 0-6 (0-15 cm) Soil Samples Taken from Milton 
Corn Experiment (clay loam) on June 28, 197^. 



Nitrogen Nitrogen Source ''''• 

Rate Ammon 1 um CaTcTum Al uminum I ron Sludge 

Ib/ac (l<g/ha) Nitrate Sludge Sludge Sludge Average 



89 (100) 
356 (400) 
712 (800) 



(ug NQ^"-N/g) 



49bc^^ 










103a 


30c 


klc 


37c 


36 




3ic 


79ac 


80ab 


63 



» Individual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 

"" Ammonium nitrate data and sludge rates are significantly different at 0.01 
probability and sludges at 0.05 probability by "F" test. 



TABLE \Uk. NO^ -N Concentration in 0-6 in (0-15 cm) Soil Samples Taken from Elora 
Grass Experiment (silt loam) on June 19, 197^. 



Nitrogen 






Nit 


rogen Source *" 






Rate 


Ammon ium 


Cal c ium 




Aluminum 


1 ron 


Sludge 


Ib/ac (kg/ha) 


Nitrate 


SI udge 




Sludge 


SI udge 


Average 










(yg N0^"-N/g) 






89 (100) 


2bA 












356 (400) 


hah 


2b 




2b 


6a b 


3 


712 (800) 




5a b 




13a 


8a b 


8 



" Individual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 

*-'- Sludge rates are significantly different at 0.05 probability by "F" test. 
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Cambridge Corn Experiment (sandy loam) on June 27, 197^. 



TABLE 1^5, NH. -N Concentration in 0-6 in (0-15 cm) Soil Samples Taken from 



Nitrogen 




Nitrogen Source ** 






Rate 

Ib/ac (kg/ha) 


Ammonium 
Nitrate 


Calc ium Aluminum 
Sludge Sludge 


1 ron 
Sludge 


Sludge 
Average 






(ug NH^'*-N/g) 






89 (100) 


9bA 








356 (^00) 


6b 


$b ib 


7h 


8 


712 (800) 




9b 15a 


9b 


11 



* Individual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 

** Ammonium nitrate treatment data and sludge rate are significantly different 
at 0.05 probability by "F" test. 



TABLE 1^6. NH, -N Concentration In 0-6 in (0-15 cm) Soil Samples Taken from 
EIora,Corn Experiment (silt loam) on June 2^ » 197^. 



Nitrogen 




N1 


itrogen Source ** 






Rate 


Ammon i urn 


Calcium 


Aluminum 


1 ron 


Sludge 


Ib/ac (kg/ha) 


Nitrate 


SI udge 


Sludge 


Sludge 


Average 








(Vig NH^'^-N/g) 






89 (100) 


13cdeA 










356 (^00) 


12cde 


17b 


]6bc 


fe 


]k 


712 (800) 




15bcd 


29a 


lOe 


18 



* Individual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 

** Sludge sources, rates and sludge x rate intersection are significantly different 
at 0.01 probability by "F" test. 



TABLE U7. NH^ -N Concentration in 0-6 in (0-15 cm) Soil Samples Taken from 
Milton Corn Experiment (clay loam) on June 28, 197^. 



Nitrogen 






Nit 


rogen Source ** 






Rate 

Ib/ac (kg/ha) 


Ammonium 
Nitrate 


Calcium 
Sludge 




Aluminum 
Sludge 


Iron 
Sludge 


Sludge 
Average 










(pg NH^+-N/g) 






89 (100) 


9c* 






*■ 






356 ikOO) 


39a 


I3bc 




I5bc 


9c 


12 


712 (800) 




Ubc 




23bc 


26ab 


21 



* Individual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 

** Ammonium nitrate data are significantly different at 0.01 probability and 
sludge rate at 0.05 probability by "F" test. 



TABLE lifS. NH^ -N Concentration in 0-6 in (0-15 cm) Soil Samples Taken from 
Elora Grass Experiment (silt loam) on June 19, 197^. 



Nitrogen 






Nit 


Togen Source ** 






Rate 


Ammonium 


Calcium 




Al umi num 


1 ron 


Sludge 


Ib/ac (kg/ha) 


Nitrate 


Sludge 




Sludge 


Sludge 


Average 










(yg NH^-*--N/g) 






89 (100) 


12 bed 












356 (/too) 


I2bcd 


II bed 




15a be 


8d 


It 


712 (800) 




l6ab 




»9a 


lOcd 


15 



» Individual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 

AA Sludge sources and sludge rates are significantly different at 0.01 probability 
by "F" test. 
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TABLE 1^9. pH in 0-6 in (0-15 cm) Soil Samples taken from Cambridge Corn 
Experiment (sandy loam) on June 27, 197^. 



Nitrogen _^ Nitrogen Sources ** 

Rate Ammonium Calcium Aluminum \ Iron Sludge 

Ib/ac (kg/ha) Nitrate Sludge Sludge Sludge Average 



89 (100) 7.^b* 

356 (400) 7.4b 8.1a 7.4b 7.0b 7.5 

712 (800) 8.0a 7.3b 7.2b 7-5 



* Individual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 

"" Sludges are significantly different at 0.01 probability by "F" test. 



TABLE 150. pH in 0-6 in (0-15 cm) Soil Samples taken from Elora Corn Experiment 
(silt loam) on June 24, 1974. 



Nitrogen 




N 


itorgen Sources 


A* 






Rate 

Ib/ac (kg/ha) 


Ammon i um 
Nitrate 


Calcium 
Sludge 


A 1 um i num 
Sludge 




1 ron 
Sludge 


Sludge 

Average 


89 (100) 
356 (400) 
712 (800) 


7.6bA 
7.4bc 


7.9a 
7.9a 


7.3bc 
7.3bc 




7.5b 

7.1c 


7.6 
7.4 



^' Individual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 

'"^ Sludge sources are significantly different at 0.01 probability by "F" test. 
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TABLE 151. pH in 0-6 in (0-15 cm) Soil Samples taken from Milton Corn Experiment 
(clay loam) on June 28, 197^. 



Nitrogen 




h 


ntrogen Sources 


AA 




Rate 

Ib/ac (kg/ha) 


Ammonium 
Nitrate 


Ca 1 c i urn 

Sludge 


Aluminum 
Sludge 


Iron 

Sludge 


Sludge 
Average 


89 (100) 
356 (AOO) 
712 (800) 


6.8b'^ 
6.2c 


7.8a 
7.7a 


6.7bc 
6.8b 


7.0b 
6.8b 


7.2 
7.1 



* Individual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 

** Ammonium nitrate data and sludges are significantly different at 0.01 
probability by "F" test. 



TABLE 152. pH in 0-6 in (0-I5 cm) soil Samples taken from Elora Grass Experiment 
(silt loam) on June 19, 197^. 



Nitr 


'ogen 

1 






Ni 


itrogen Sources 


AA 








Rate 


Ammonium 


Ca 


Icium 


Aluminum 


1 ron 




SI 


udge 


Ib/ac (kg/ha) 


Nitrate 


SI 


udge 


Sludge 


S1uds 


le 


Av 


erage 


89 


(100) 


7.6cdA 
















356 


(400) 


7.5cd 




7.9ab 


7.5cd 


7. 


7bc 




7.7 


712 


(800) 






8.0a 


7.4d 


7. 


7bc 




7.7 



* Individual treatment means not followed by a common letter are significantly 
different at 0.05 probability. 

** Sludge sources are significantly different at 0.01 probability by "F" test. 
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TABLE 153. Nitrate Concentration of Subsurface Water Samples in Fall, 197^- 




























DATE 














Site 


Treatmeni 


^ 


12/8/74 


21/10/74 


4/11/74 


18/11/74 


2/12/74 


17/12/74 


31/12/74 




















(yg NO^ - 


N/ml) 














Runoff 


100 


kg 


N/ha 


(NH^NO^) 


12 


(4)* 






7 


(1) 






9 


(2) 


9 (3) 


6 


(3) 


Experiment 


800 


kg 


N/ha 


(Fe-sludge) 


17 


(3) 














39 


(4) 




22 


(4) 


Corn 


100 


kg 


N/ha 


(NH^NO^) 


59 


(3) 


19 


(2) 


19 


(2) 


36 


(2) 


40 


(3) 


44 (1) 


39 


(1) 


Experiment 


200 


kg 


N/ha 


(NH^NO^) 














56 


(2) 


93 


(2) 


205 (1) 


150 


(1) 




400 


kg 


N/ha 


(NH^NO^) 


15 


(3) 


25 


(2) 


37 


(2) 






49 


(3) 










200 


kg 


N/ha 


(Fe-sludge) 


13 


(3) 


12 


(1) 


14 


(2) 


22 


(2) 


31 


(3) 


24 (2) 


39 


(2) 




400 


kg 


N/ha 


(Fe-sludge) 


49 


(3) 


5 


(1) 


19 


(1) 


27 


(i) 


68 


(3) 


67 (2) 


102 


(3) 




800 


kg 


N/ha 


(Fe-sludge) 


24 


(3) 


11 


(2) 


22 


(3) 


28 


(2) 


65 


(2) 


75 (1) 


75 


(1) 




1600 


kg 


N/ha 


(Ca-sludge)" 


kit 












141 


(2) 


155 


(2) 


215 (2) 


235 


(1) 




1600 


kg 


N/ha 


(Al-sludge)- 


k-ft 












188 


(2) 


269 


(2) 


400 (1) 


270 


(1) 




1600 


kg 


N/ha 


(Fe-sludge)' 


k* 
















295 


(3) 


283 (2) 


253 


(2) 



K Number In parenthesis indicates number of samples representing the mean value 
** 1 .5 foot depth. ' 



TABLE 154. Chloride Concentration of Subsurface Water Samples in Fall, 1974 



Date 






Site 


Treatment 




12/ 


'8/74 


2iy 


'10/74 


4/11/74 


18/11/74 


i/ 12/74 


17/12/74 


31/12/74 


















(yq 


1 Cl-> 


^ml) 
















Runoff 
Experiment 


100 

800 


kg N/ha 

kg N/ha 


(NH^NO^) 
(Fe-sludge) 


22 

26 


(4)* 
(3) 






14 


(1) 






13 

23 


(2) 

(4) 


18 


(3) 


16 

19 


(3) 
(4) 


Corn 
Experiment 


100 
200 


kg N/ha 
kg N/ha 


(NH^NO^) 
(NH^NO^) 


56 


(3) 


35 


(2) 


28 


(2) 


30 
76 


(2) 
(2) 


34 
118 


(3) 
(2) 


29 
56 


(1) 

(1) 


37 
33 


(1) 
(1) 




400 


kg N/ha 


(NH^NO^) 


23 


(3) 


12 


(2) 


17 


(2) 






19 


(3) 












200 


kg N/ha 


(Fe-sl udge) 


20 


(3) 


17 


(1) 


16 


(2) 


15 


(2) 


28 


(3) 


25 


(2) 


38 


(2) 




400 


kg N/ha 


(Fe-sludge) 


32 


(3) 


18 


(0 


20 


(1) 


17, 


(1) 


42 


(3) 


49 


(2) 


66 


(3) 




800 


kg N/ha 


(Fe-sludge) 


29 


(3) 


15 


(2) 


18 


(3) 


16 


(2) 


53 


(2) 


49 


(1) 


61 


(1) 




1600 


kg N/ha 


(Ca-sludge)A* 














124 


(2) 


118 


(2) 


105 


(2) 


105 


(1) 




1600 


kg N/ha 


(Al-sludge)A* 














145 


(2) 


121 


(2) 


195 


(1) 


102 


(1) 




1600 


kg N/ha 


(Fe-sludge)** 


















120 


(3) 


176 


(2) 


162 


(2) 



* Number in parenthesis indicates number of samples representing the mean value. 
** 1 .5 foot depth. 



TABLE 155. The Rate of tJO -N Production in Incubated Soil Treated with Three 
Sludges in the Laboratory During the I8th to 52nd week Period 
(Experiment 1 ) . ''/ — 



Sludge Treatment Week 19 to 26 Week 27 to ^0 Week ^1 to 52 





(ug 


NO." 


-N/g 


soi 


1/week) 




Iron sludge 


13.9 








k.k 


k.k 


Calcium sludge 


|2,2 








8.9 


5.0 


Aluminum sludge 


3.9 








8.9 


3.9 



TABLE 156. NO- -N Concentrations In the Leachates from Soil Mixed 
with Organic N from Different Sludges A^^ter Weekly 
Incubation Periods (Experiment 3). 



Sludge 
Source 


Week 1 








Week 2 




(yg 


NO-- 


-N/g 


soil) 




Kitchener 


2k 








60 


North Toronto 


21 








47 


Point Edward 


20 








k 


Newmarket 


18 








20 


Guelph 


21 








59 


Untreated sol 1 


20 








23 
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TABLE 157. NO,'-N Concentration in Soil (after the first ryegrass harvest 
in the greenhouse study) Treated with Different Rates of 
Sludge N with Nine Different Sludges. 



Sludge Source 



Percent NHi^ -N of 
Total N in Sludge 



Rate of Appi I cat I on 

(kg total N/ha) 

W WSU 



Aurora 


7.^ 


Midland 


9.9 


Point Edward 


12.0 


Sarnia 


46.0 


Guelph 


46.0 


Fergus 


49.0 


North Toronto 


34.0 


Newmarket 


47.0 


Toronto H umber 


47.0 



0.5 
0.3 
4.5 
0.4 

31.7 
2.9 
K8 

18.2 
6.5 



/■^ 



(Ug NO "-N/g) 



3 

6.4 

4.0 

10.6 

32.5 

53.5 

112.1 

47.4 

35.9 

64.1 



49.8 
59.0 

193.1 
102.6 

252.1 
185.4 
139.4 
236.7 
335.5 



Check (100 kg N/ha as NH^NO^) = 1.5 ug NO^'-N/g 



Significance of F values at probability shown: 

Sludges 0.01 

Sludge N Rates 0.04 

Sludges x Sludge N Rates 0.01 
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TABLE 158. Exchangeable NH. -N Concentration in Soil (after the first 
ryegrass harvest in the greenhouse study) Treated with 
Different Rates of Sludge N from Nine Different Sludges 



Sludge Source 



Percent m^ -N of 
Total N in Sludge 



Rate of Appl i cat ion 
(kg total N/ha) 



200 



1600 



Aurora 


7.4 


Midland 


9.9 


Point Edward 


12.0 


Sarnia 


46.0 


Guelph 


46.0 


Fergus 


49.0 


North Toronto 


34.0 


Newmarket 


47.0 


Toronto Humber 


47.0 



\ 


.yg nn, -n/yj 




2.5 


7.8 < 


9.8 


4.0 


10.0 


12,4 


3.5 


7.9 


10.2 


3.0 


3.8 


10.7 


3.0 


7.2 


9.7 


3.8 


3.6 


24.6 


4.6 


4.1 


11.1 


6.6 


7.5 


10.0 


3.3 


f.O 


14.4 



Ch 



eck (100 kg N/ha as NH^NO.) =2.1 pg NH^ -N/g 



Significance of F values: 



Sludges .01 

Sludge N Rates .01 

Sludges x Sludge N Rates .01 

Soil pH .01 

Sludges x pH .01 

Sludge N Rates x pH .01 

Sludges x Sludge N Rates x pH .01 
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6 GREENHOUSE STUDIES 

6. 1 Greenhouse Experiment 1 

6.1.1 Objectives 

1) To determine the effect of various sewage sludges on crop 
growth. 

2) To determine the effect of metals in sewage sludge on 
metal uptake by plants. 

3) To determine the availability of nitrogen in sewage sludges. 

6.1.2 Materials and methods 

The soil used in this study was a Grimsby sandy loam soil of 
pH h.S which was limed to two pH levels, approximately 5.0 and 7.0 using 
reagent grade CaCO . The three sewage sludges used in the field trials 
were applied to these soils along with six other Ontario sludges selected 
because of their high metal content (Table 159). Sludges were applied 
at rates supplying 0, 1/8, 712 and 1^24 lb N/ac (0,200, 800 and 1600 kg 
N/ha). Fertilization of the check treatment and dates of seeding and 
harvest are shown in Table 160. Ryegrass was grown on the soils in green- 
house pots and the yield, nutrient and metal content of the crop were 
measured. Nitrogen content of the soils was also monitored to measure 
the availability of nitrogen in the sludge. 

A second crop has been grown and it is intended to continue 
cropping and applying sludge for several cycles. Half of the pots receiving 
the highest rate of sludge received only one application and are being 
cropped without further additions. 

6.1.3 Results and discussion 

Nutrient and metal content of sludges used in the first three 
applications of sludges in this experiment are presented in Tables 161 to 
166. Analyses of the sludges for the third application (Table 166) 
present the first data from this project on molybdenum (Mo) and selenium 
(Se) content of sludges. Cumulative amounts of nutrients and metals 
applied in the first two applications of sludge are presented In Tables 
167 and 168. 
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Dry matter yields of the first and second crops of annual 
ryegrass are presented in Tables 169 and I70. Raising the soil pH from 
5.0 to 7.0 before application of the sludges increased the yield of the 
first crop of ryegrass. In the first crop all sludges appeared to increase 
yield when compared to the check treatment which received commercial 
fertilizer. The check treatment received 89 lb N/ac (100 kg/ha) but the 
plants showed nitrogen deficiency symptwns as harvest time approached. 
There is little doubt that yield response to sludge was partly due to 
nitrogen. The highest rates of the Point Edward, Guelph, Fergus and 
Newmarket sludges produced lower yields than lower rates of application. 
This was most pronounced with the Fergus sludge. 

In the second crop of ryegrass, all sludge except North Toronto 
reduced the yield when applied at high rates. 

Conductivity measurements on the saturation extracts from soils 
showed that salinity was a problem during the growth of the second crop. 
The pots have been leached before seeding the third crop but the interpretation 
of both yield and chemical composition data from the second crop is difficult 
because salinity probably affected growth, and nutrient and metal uptake. 
Electrical conductivity of the I6OO kg N/ha treatment (reapplied for each 
crop) measured after leaching and the third sludge addition is presented 
in Table 171. These values show that the Fergus and Guelph sludges added 
most to soil salinity. Conductivity values above ^000 \i mho are considered 
unfavourable for plant growth. Because of these high conductivity values 
with most sludges it is now intended to leach all pots after each sludge 
addition. 

Soil pH values of 5-0 and 7.0 presented in most tables were 
those to which the soil was adjusted before addition of the sludges. 
The pH values at the time of harvest of the second crop of ryegrass are 
presented in Table 172. Two applications of the sludges have maintained 
soil pH at levels above those where no sludge was applied and ammonium 
nitrate was used to supply nitrogen. 

In the first crop, nitrogen concentrations increased with rate 
of all sludges (Table 173) but the size of the increase varied among 
sludges. The Aurora and Midland sludges, which supplied less soluble 
nitrogen to the first crop (Table I6I), provided the lowest nitrogen 
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concentration in the grass at the lowest rate of application. The higher 
soil pH also produced high nitrogen concentrations in the ryegrass. 

In the second crop of ryegrass, differences In nitrogen concentra- 
tion between sludges were not significant (Table Mk) , but the lowest 
rate of sludges resulted in lower nitrogen concentrations. 

All the sludges resulted in higher concentrations of phosphorus 
in the first ryegrass crop than the check treatment which received 102 lb 
P20^/ac (50 kg P/ha) (Table 175). The increase in phosphorus, due 
to sludge application was not consistent in the second crop (Table 176). 

Potassium concentrations in the ryegrass were increased by 
increasing rates of sludges in the first crop (Table 177) but not in 
the second crop. The effect of pH was statistically significant but small. 

Calcium and magnesium concentrations in the ryegrass were 
increased by all the sludges, although the effect of rates of sludge was 
not very consistent (Tables 179. 180, 181 and 182). Calcium concentration 
was highest with the calcium sludge from Newmarket, as might be expected, 
but it was also high with Point Edward sludge which was not high in 
ca 1 c i urn . 

Boron concentrations in the first crop were affected by sludge 
application (Table 183), the Midland sludge adding ^.0 kg B/ha at the 
highest rate, markedly Increasing the B content of the grass. This is 
a greater application of boron than is normally recommended even for 
crops with a high boron requirement grown on boron deficient soils. 
While moderate rates of such a sludge* would prevent boron deficiency under 
Ontario conditions they might cause toxicity In dry areas where boron 
tends to accumulate. The sludge resulting from lime treatment of sewage 
(Newmarket), while adding an appreciable amount of boron, reduced the 
B concentration in the first crop of grass quite appreciably. Boron 
concentration In the second crop of ryegrass was not affected by treat- 
ment. 

Cadmium concentrations in both crops of ryegrass (Tables 184 
and 185) were greatly Increased by the sludges which were high in cadmium 
even when applied at the lowest rate of application. Where sludges high 
in cadmium were applied, the cadmium concentration was highest with the soil 
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at pH 5.0 in the first crop, but this effect was not consistent with the 
low cadmium sludges, nor in the second crop. Cadmium in the second crop 
was much higher when one sludge application at the rate of I6OO kg N/ha 
was applied before the first crop was planted than where a second applica- 
tion was also applied, and much higher than where two applications of 8OO 
kg N/ha were applied. 

Differences In chromium concentrations in the ryegrass were 
statistically significant but too small to be of practical concern rn 
spite of rather large applications of chromium (Tables I86 and I87). 

All sludges increased copper concentrations in the ryegrass 
markedly (Tables 188 and I89) and liming the soil to pH 7.O only reduced 
copper content in the first crop, and to a minor extent. Copper content 
in the first crop was, in general, related to the amount of copper added 
in the different sludges. There were exceptions, however; the Guelph 
sludge, for example, supplied less than half as much copper as the Fergus 
sludge but resulted in similar concentrations in the ryegrass. In the 
second crop. Point Edward sludge produced a very high copper concentration 
in the grass in spite of a relatively small addition of copper. It is 
possible that the poor growth of grass with the Fergus sludge in the 
first crop (Table I69) was due to copper toxicity but the electrical 
conductivity data (Table 171) suggest that salinity of the soil is an 
equally plausible reason for the poor growth. 

Iron and manganese concentrations in ryegrass were affected 
by treatment (Tables I90, 191, 192 and 193) but no particular concern 
appears warranted except at low soil pH where sludge application could 
increase the danger of manganese toxicity. At the low pH the manganese 
concentration probably approached the point of toxicity in the second 
crop where no sludge was applied. Manganese concentrations in Table 
193 appear to be correlated with soil pH values (Table 172). 

Nickel concentrations in the ryegrass were increased by a factor 
of 10 where the Midland sludge was applied (Tables 194 and 195) as might 
be expected from the very high nickel additions with the Midland sludge 
(Table 168). This occurred in spite of the high soil pH maintained with 
this limed sludge (Table 172). The Toronto Number sludge caused quite 
high nickel concentrations in the ryegrass with much lower nickel additions, 
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but also lower soil pH than where the Midland sludge was applied. The 1600 
kg N/ha rate of sludge applied only once resulted in higher nickel con- 
centrations in the second grass crop than either two applications of the 
800 kg N/ha rate or two applications of the 1600 kg N/ha rate. This 
difference appears to be related to differences in soil pH to some 
extent. 

Zinc concentrations in the ryegrass were increased markedly 
(Tables 196, 197 and I98) by addition of sludges high in zinc (Table I68). 
Some of the sludges low in zinc actually reduced the zinc concentration 
in ryegrass, perhaps by raising the soil pH (Table 172). At low soil pH. 
the one addition of sludges at I6OO kg N/ha resulted in markedly higher 
zinc concentrations in the second crop of ryegrass than two additions 
of either the 800 or I6OO kg N/ha rate. This effect was only apparent 
with treatments resulting in high zinc concentrations (Table 197). 

Aluminum concentrations in ryegrass were affected by sludge 
additions, but only to a limited extent (Tables 199 and 200). Lead 
concentrations In the first crop of ryegrass were reduced slightly by 
most sludges. In the second crop of ryegrass, treatments affected lead 
content significantly but the differences were small. 

6.2 Greenhouse Experiment 2 

Fifty-four soils were used in this experiment. Most of these 
soils were collected from sites believed to vary In copper and cadmium 
content. Soils were collected near snow dumps, industrial waste disposal 
sites and old orchards. The soil which received the highest rate of 
different sludges in greenhouse experiment 1 was also included in this 
experiment. 

To stabilize soils collected from virgin sites a crop of 
ryegrass was grown in all the soils for one month before the main experi- 
ment was started. After harvest of the ryegrass a sample of each soil 
was taken for chemical analysis and soils were prepared for planting Swiss 
chard. 

The soils were analysed for organic matter, cation exchange 
capacity, clay, soil pH , phosphorus potassium and magnesium. Field 
capacity of each soil was also determined. 
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Swiss chard was planted on July 18, 197^. Phosphorus, potassium 
and magnesium were added in each soil based on analyses from the soil 
testing laboratory of the Ontario Ministry of Agriculture and Food. 
Nitrogen as NH.NO. was added at the rate of 200 kg N/ha in four appli- 
cations of 50 kg N/ha each at approximate weekly intervals. 

Five extractants were tested as a measure of soil available 
Cu, Cd, Ni and Pb (Table 201). The average value and range of soil and 
plant variables are shown in Table 202. 

6.2. 1 Cadmium 

The most important soil variable affecting the uptake of cadmium 

was the soil pH. Acetic acid extractable Cd along with the soil pH 

could explain S(>% of variability in the Cd concentration in Swiss chard. 

Soil pH had a negative linear correlation which indicates that an increase 

in soil pH will result in decrease in Cd concentration in plants. Similar 

2 
results were obtained with water extractable Cd which had an R = 0.887 

when several variables were included along with extracted cadmium. The 

R values for other extractants are EDTA, 0.63, aqua regia, 0.667; and 

DTPA, O.7A3. 

6.2.2 Copper 

in multiple regression analyses the most important soil variable 

which entered at the first step was soil pH, which had negative linear 

correlation (r = 0.55)- The addition of further variables in the regression 

equation did not improve R significantly. Similar patterns were obtained 

when EDTA, water extractable Cu , aqua regia and DTPA extractable Cu were 

2 
related to the Cu concentration in Swiss chard. The R values obtained 

for various extractants are as follows: 

EDTA - 0.485, Water - 0.535, Aqua regia - 0.463, and DTPA - 
0.488. 

6.2.3 Nickel 



All the extractants except DTPA showed a significant correlation 
with the Ni concentration in Swiss chard. The prediction equations using 
various extractants are shown below: 
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Acetic Acid 

Y = 0.19^1 - 0.13 DM X pH - 0.699 clay x Ni + 0.8? Ni^ 

EDTA 

9 = 0.205 - 0.87 clay x Ni - 0.33 pH^ + 0.68 Ni^ 

Water 

9 = 0.558 + 0.26 CM X Ni - 0.77 CEC x Ni + 0.37 Ni^ 

Aqua regia 

9 = 0.^16 - 0.24 DM X Ni + 0.66 pH x Ni - 0.17 CEC x Ni 

DTPA 



r2 


- 0.86 


r2 


- 0.83 


r2 


= 0.73 


r2 


- 0.79 


r2 


= 0.12 



6.2.4 Zinc 

None of the Zn extractants showed promising results. The important 
soil variables which entered in various equations were soil pH and organic 
matter. The equation developed by using acetic acid extractable Zn along 
with the soil pH and organic matter had an R value of 0.719, compared 
with EDTA - 0.645, water extractable Zn - O.5II, DTPA - 0.599, and aqua 
regia - 0.345. 

6.2.5 Conclusions 

The data from this experiment require further study and further 
extractants will be tested. The soils in this experiment and the concentra- 
tions of metals in the Swiss chard appear to provide a fairly adequate 
range and distribution of values for testing extractants. 

The acetic acid extraction appears to offer considerable promise 
as a test for plant available nickel. More work is required on the other 
metals. 
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TABLE 159. Sewage Sludges Used In Greenhouse Experiment 1 



Sewage Plant 



Date 
Col lected 



P Removal 
C hem i ca 1 



Sludge Type of Sewage 
Digestion Treatment 



1. 


Aurora 


18/1/7A 


2. 


Midland 


MfMlh 


3. 


Point Edward 


\s/\nh 


it. 


Sarnia 


15/1/7^ 


5. 


Guelph 


111 \ Ilk 


6. 


Fergus 


IMMlk 


7. 


N. Toronto 


hIMlk 


8. 


Newmarket 


hnm 


9. 


Toronto Number 


18/1/7^* 



Alum (June 17/7^) 

Lime (Jan ink) 

Ferr ic Chloride 

Ferric Chloride 

/Aluminum sulfate(Feb l/7'*)l 
JFerric Chloride (Feb 115)) 

Ferric Chloride (Apr 1/7^) 

Ferric Chloride 

Lime 

None 



yes 


Secondary 


yes 


primary 


yes 


Primary 


yes 


Primary 


1 

1 ■ yes 

'J 


Secondary 


1 yes 


Secondary 


yes 


Secondary 


yes 


Secondary 


yes 


Secondary 



188 



TABLE 160. Treatments Applied to Greenhouse Experiment 1, 



Treatment Applied 1st Crop 2nd Crop 3rd Crop 

Fertilizer applied to check plots 

h6% super phosphate 102 lb ^2^^^^^ ^^ ^^ ^'Ps^^^ 

before seeding 

(50 kg P/ha) (^0 kg P/ha) 

Magnesium sulfate 17-8 lb Mg/ac 35.6 lb Mg/ac 

(20 kg Mg/ha) (40 kg Mg/ha) 

Ammonium nitrate 89 lb N/ac* 178 lb N/ac** 

(100 kg N/ha) (200 kg N/ha) 
Cultural Operations 

Sludge Additions Feb 20-Mar 9 197't June 1-30, 197^ 

Seeding dates March 14, 1974 September 5, 1974 

Harvest dates April 23, 1974 October 11, 1974 

" Applied in two equal applications 

"" Applied in four equal applications at a seeding and approximately weekly. 
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TABLE 161. Concentrations of Various Constituents in Nine Ontario Fluid Sewage Sludges 
used in 197^ Greenhouse Experiment 1. (First Application) 







NITROGEN 




P 

% 


K 

yg/g 


Ca 

yg/g 


Mg 

yg/g 


Na 

yg/g 




Treatment 
Plant 


D.M. 
% 


Total 
% 


Soluble 

yg/g 


Exch 

yg/g 


B 

yg/g 


Aurora 


1.7 


0.10 


50 


Ik 


0.08 


ko 


1100 


no 


161 


2 


Midland 


3.8 


0.11 


80 


29 


0.21 


38 


3150 


111 


96 


3 


Point Edward 


3.6 


0.15 


170 


16 


0.09 


46 


3250 


309 


86 




Sarnia 


2.3 


0.13 


550 


55 


0.13 


^9 


850 


in 


50 




Guelph 


3.0 


0.17 


lis 


23 


0.08 


78 


1750 


300 


188 




Fergus 


3.7 


0.22 


1050 


46 


0.06 


82 


1850 


471 


684 




North 
Toronto 


6.0 


0.30 


950 


83 


0.29 


120 


2200 


420 


102 




Newmarket 


5.3 


0.10 


450 


11 


0.06 


71 


9900 


315 


U3 




Toronto 
Number 


2.9 


0.17 


lis 


IS 


0.08 


120 


1450 


204 


153 
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TABLE 162. Metal Concentration in Nine Ontario Fluid Sewage Sludges used in 197^ 
Greenhouse Experiment 2, (First Application) 



Treatment Al Fe Mn Cd Cr Cu Ni Pb Zn 

Plant jig/g 



Aurora U87 122 3.8 0.2^ 19^.00 7.0 2.79 5.8 6.8 



Midland 670 689 16.1 0.82 107.00 31.0 325.00 80.4 68.9 



Point Edward 200 kkS 19-5 0.20 0.97 27.0 0.55 34.6 31 -9 



Sarnia 13^ 1864 76.9 2.56 2.87 19-0 0.69 86.2 314.5 



Guelph 71 750 7.1 7.50 132.00 99-0 3.36 45.0 262.5 



Fergus 116 463 10.9 2.66 142.00 277.0 2.96 15.1 537-0 



North 810 5700 27-3 2.49 48.00 93.0 2.10 120.0 225.0 

Toronto 



Newmarket 179 450 25.1 0.21 1.30 16.4 0.26 9.4 42.3 



Toronto 285 1022 10.6 4.35 95.60 46.7 16.80 7.7 186.9 

Number 
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TABLE 163. Concentration of Various Constituents in Second Application of Nine Ontario Fluid Sewage Sludges 
used in 197^ Greenhouse Experiments. 



S 1 udge 



pH 



DM 



Aval 1 able 
N pg/g 



Ca 



Mg 



Na 



6 

Pg/g 






Aurora 

Midland 

Pt. Edward 

Sarnia 

Guelph 

Fergus 

North Toronto 

Newmarket 

Toronto Humber 



7.1 


4.27 


.13 


7.3 


5.iM 


.07 


7.1 


19.40 


.30 


7.2 


5.89 


.14 


7.2 


4.70 


.13 


7.4 


3.70 


.21 


7.2 


7.71 


.29 


7.1 


14.69 


.17 


7.2 


7.29 


.32 



710 


.06 


.01 


0.32 


.02 


.017 


2 


170 


.17 


.01 


0.89 


.05 


.007 


2 


650 


.83 


.04 


1.94 


.14 


.010 


2 


460 


.15 


.03 


0.29 


.08 


.009 




650 


.17 


.01 


0.28 


.03 


.013 




930 


.08 


.02 


0.26 


.06 


.03 




1050 


.33 


.03 


0.34 


.05 


.023 




590 


.13 


.02 


3.6/* 


.06 


.013 




1050 


.24 


-03 


0.39 


.05 


.015 


2 






TABLE 16^. Metal Concentration in Second Application of Nine Ontario Fluid Sewage Sludges used in 197^ 
Greenhouse Experiments. 



Sludge Al Fe Mn 



Cd Cr Cu Ni Pb Zn Hg 



Aurora 


^01^ 


320 


12 


0.21 


267 


21 


3.3 


11.3 


19 


0.07 


Midland 


1165 


5^2 


18 


0.19 


62 


18 


108.4 


26.6 


70 


0.34 


Pt. Edward 


563 


22310 


67 


1.1 


12.6 


126 


4.9 


164.9 


144 


0.32 


Sarnia 


itOl 


5154 


171 


4.89 


6.5 


38 


2.1 


226.8 


795 


0.19 


Guelph 


2068 


940 


9 


7.99 


129 


106 


3.8 


47.0 


244 


0.39 


Fergus 


207 


555 


10 


0.94 


113 


259 


7.0 


14.6 


384 


0.10 


North Toronto 


96^ 


5628 


22 


2.16 


37 


104 


2.3 


138.8 


216 


1.64 


Newmarket 


499 


867 


29 


0.15 


5.1 


21 


3.7 


16.2 


57 


0.26 


Toronto Humber 


980 


2541 


26 


9.37 


265 


116 


44.6 


214.2 


552 


0.55 



TABLE 165. Concentration of Various Constituents in Third Application of Nine Ontario Fluid Sewage Sludges 
used in 197^ Greenhouse Experiments. 



^ 



Aurora 

Midland 

Pt. Edward 

Sarnia 

Guelph 

Fergus 

North Toronto 

Newniarl<et 

Toronto Humber 



Sludge pH DM N Aval lable P K Ca Mg Na B 

% % U yg/g % % % % % yg/g 



6.9 


1.9 


.08 


7.1 


7.0 


.08 


7.1 


6.4 


.18 


7.2 


13.1 


.34 


7.2 


2.k 


.]k 


7.3 


2.5 


.18 


7.2 


5.4 


.33 


7.1 


10.0 


.17 


7.3 


3.9 


.21 



50 


0.04 


.003 


0.1 1 


.02 


.03 


5 


100 


0.25 


.01 


2.04 


. 10 


.01 


9 


510 


0.27 


.01 


0.41 


.05 


.01 


3 


580 


0.27 


.04 


0.63 


.16 


.01 


5 


610 


0.40 


.01 


0.20 


.04 


.02 


3 


800 


0.06 


.01 


0.17 


.04 


.04 


3 


830 


0.22 


.02 


0.30 


.05 


.01 


4 


290 


0.17 


.01 


4.39 


.07 


.01 


5 


710 


0.10 


.01 


0.28 


.04 


.01 


4 



TABLE 166. Metal Concentration in Third Application of Nine Ontario Fluid Sewage Sludges used in 197^ Greenhouse 
Experiments. 







m 


Fe 


Mn 


Cd 


Cr 


Cu 


Ni 


Pb 


Zn 


Hg 


Se 


Mo 




Sludge 












ug/g 
















Aurora 


2113 


128 


3.0 


0.04 


188 


8.7 


0.7 


4.5 


6.8 


.03 


1.68 


0.19 




Midland 


6SQ 


579 


19-5 


0.63 


53 


27.6 


3380 


26.3 


101.8 


.34 


0.96 


0.42 


iS 


Pt. Edward 


170 


9338 


24.3 


0.56 


4 


61.8 


1.6 


53.9 


68.9 


.18 


0.00 


0.47 


SJFi 


Sarnia 


753 


11593 


34.1 


11.40 


12 


104.8 


3.3 


406.1 


1389.9 


1.00 


0.00 


1.38 




Guelph 


722 


625 


5.8 


5.00 


83 


69.6 


1.9 


34.2 


161.7 


.17 


3.84 


1.76 




Fergus 


tk 


1692 


5.7 


0.47 


20 


106.8 


5.1 


16.7 


395.2 


.07 


0.04 


0.23 




North Toronto 


745 


4526 


25.2 


2.02 


32 


84.0 


1.5 


109.8 


140.9 


1.27 


0.08 


1.25 




Newmarket 


189 


474 


32.4 


0.50 


2 


21.9 


1.2 


14.0 


61.8 


.21 


1.96 


0.57 




Toronto Humber 


462 


1330 


12.0 


6.21 


214 


59.5 


19.8 


180.5 


334.9 


.51 


3.68 


4.40 



TABLE 167. Tota! Amounts of Various Constituents Supplied by the First Two 

Additions of Nine Ontario Sludges at 200 kg N/ha rate per addition 
in the Greenhouse. 



Treatment 


Solids 


Ni 


trogen 


P 


K 


Ca 


Mg 


Na 


B 


Plant 




Total ( 


Avar labi 


e) 
















kg/ha* 














Aurora 


10.070 


'fOO 


120 


260 


23 


720 


50 


60 


0.7 


Midland 


22,510 


itOO 


70 


870 


36 


3120 


190 


38 


I.l 


Point Edward 


18,220 


^00 


70 


680 


33 


1740 


140 


18 


0.2 


Sarnla 


11, 9^*0 


^00 


160 


411 


49 


540 


150 


20 


0.3 


Guelph 


10,760 


^00 


190 


354 


24 


640 


80 


42 


0,3 


Fergus 


6.970 


^00 


190 


132 


27 


420 


100 


92 


0.2 


North Toronto 


9.3^0 


^00 


140 


422 


29 


380 


60 


23 


0.2 


Newmarket 


28,i+20 


400 


170 


279 


39 


6370 


140 


45 


0.3 


Toronto Number 


8,050 


400 


190 


246 


33 


420 


60 


28 


0.2 



" Data presented in kg/ha. If the nitrogen application is taken as 200 lb/acre 
(instead of 200 kg/ha) all other data in the table can be read as lb/acre. 
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TABLE 168. Total Anxjunts of Metals Supplied by the First Two Additions of Nine Ontario Sludges at 
200 Kg N/ha rate per Addition in the Greenhouse. 



Treatment 
Plant 


Al 


Mn 


Fe 


Cd 


Cr 


Cu 


Ni 


Pb 


Zn 


Hg 










kg/ha 


|A 












Aurora 


930 


2.6 


74 


.08 


81 .9 


4.6 


1.1 


2.9 


4.3 


.02 


Midland 


450 


8.1 


280 


.20 


34.3 


10.8 


90.6 


22.4 


32.6 


.15 


Point Edward 


66 


7.2 


1548 


.09 


0-9 


12.1 


0.4 


15.7 


14.0 


.03 


Sarn ia 


77 


35.7 


1018 


1.07 


1.3 


8.3 


0.4 


45.5 


161.0 


.05 


Guelph 


226 


2.2 


230 


2.11 


35.3 


27.9 


1.0 


12.5 


68.4 


.09 


Fergus 


3! 


2.0 


100 


0.34 


34.0 


50.5 


1.0 


2.8 


86.6 


.02 


North Toronto 


120 


3.3 


770 


-32 


5.8 


13.4 


0.4 


17.6 


30.0 


.19 


Newmarket 


130 


8.7 


200 


.07 


0.9 


6.0 


0.6 


3.9 


15.6 


.06 


Toronto Number 


95 


2.9 


280 


1.11 


28.0 


12.9 


4.8 


14.3 


57.2 


.06 



" Data presented In kg/ha. If the nitrogen application is taken as 200 lb/acre (instead of 200 kg/ha) a 
other data in the table can be read as lb/acre 



TABLE 169. Dry Matter Yield or Ryegrass g/pot (Greenhouse, 197^, 
first crop) . 



CD 



SLUDGE 


SOIL pH 
5.0 7.0 


178 
(200) 


NITROGEN 

712 
(800) 


Ib/ac (kq/ha) 






1424 
(1600) 


MEAN 






DRY 


MATTER - g/pot 








NONE 


6.0 


9,5 










7.8 


AURORA 


9c9 


10.4 


9.8 




10.4 


10.1 


10. i 


MIDLAND 


10.6 


10.8 


7.7 




10.8 


12.2 


10.2 


POINT EDWARD 


10.0 


10.2 


8.6 




12.3 


9.8 


10.2 


SARNIA 


10.0 


12,4 


8.1 




10.9 


12.9 


10.6 


GUELPH 


8.5 


8.9 


9.6 




10.8 


7.1 


9c2 


FERGUS 


4.4 


6.9 


9.1 




4.7 


4.4 


6.1 


NORTH TORONTO 


9.8 


11.1 


9.7 




11.1 


10.5 


10.4 


NEWMARKET 


8.7 


10.2 


11.2 




11.0 


7-8 


10.0 


TORONTO NUMBER 


8,6 


11.3 


10.9 




9.7 


9»6 


10.1 



MEAN 



8.6 10.2 



9.4 



10.2 



9.4 



9v4 



Significance of "F" Test 

sludge source - 0.01 
sludge rate - 0.05 
soil pH - 0.01 



source x rate - 0.01 
source x soil pH - 0,05 
sol 1 pH X rate - N.S. 
source x rate x soil pH 



- N.S, 



TABLE 170. Dry Matter Yield of Ryegrass. Second Crop, Greenhouse 
Experiment 1 , 1974. 



S 1 udqe Nitrogen Rate Ib/ac (kg/ha) 

17«(200) 712(800) ]h2hWoo) lA2Mt600)'^A Mean 



g/pot 



None 










7.4 


Aurora 


74 


6,0 


4.5 


6.0 


5.9 


Midland 


6.8 


7.7 


6.5 


6.5 


6.9 


Pt. Edward 


6.4 


4.8 


2.5 


k.Z 


4.5 


Sarnia 


7.8 


5.2 


4.5 


5.5 


5.9 


Guelph 


7.7 


5.0 


2.9 


4.2 


4.9 


Fergus 


74 


3.9 


2.6 


3.0 


4.3 


N. Toronto 


1.5 


7.7 


5.7 


7.3 


7.0 


Newmarket 


6,8 


5.6 


2.0 


4.0 


4.6 


Tor. Number 


8.3 


7.2 


4.3 


5.3 


6.3 


Mean 


7.3 


6.0 


3.9 


5.1 


B4 


pH 5.0 


7.6 


6.5 


4.1 


5.2 


5.8 


7.0 


7.1 


5.5 


3.8 


5.0 


5.3 



Significance of "F" test at 0.05 and 0.01 probability. 

sludge source - 0.01 source x rate - 0.01 

sludge rate - 0.01 soil pH x rate - O.O5 

soil pH - 0.01 soil pH x source - N.S. 

■■ One App] i cat ion 
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TABLE 171. Electrical Conductivity of Saturated Soil Extract from Greenhouse 
Experiment 1. Following Third Sludge Application at 1600 Kg N/ha, 
1975. ' 



S 1 udge 



Electrical Conductivity pmhos/cm 
soil pH 5.0 soi I pH 7.0 Mean 



None 900 850 875 

Aurora 2900 4700 38OO 

Midland 2000 2300 2150 

Point Edward 4300 3000 3650 

Sarnia 3900 490O 4400 

Guelph 10000 7000 85OO 

Fergus 9500 I300O 11250 

North Toronto 4800 4500 4650 

Newmarket 56OO 70OO 6300 

Toronto Number 7500 550O 6500 
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TABLE 172. pH Values of Soil, After Second Crop of Ryegrass. Greenhouse Experiment I, 197^. 












s 







ORIGINAL < 


SOIL pH 




7.0 


(kg/ha) 




SI udge 




Ni trogen Rate 


(l<g/ha) 






Nitrogen Rate 






200 


800 




1600 


1600^' 


Mean 


200 


800 


1600 


1600A 


Mean 


None 












4.6 










6.0 


Aurora 


5.^ 


6.2 




6.5 


6.2 


6.1 


6.7 


7.0 


7.0 


7.0 


6.9 


Midland 


e.k 


7.2 




7.5 


6.7 


7.0 


7.0 


7.4 


7.5 


7.0 


7.2 


Point Edward 


6.0 


6.7 




6.9 


6.9 


6.6 


6.8 


7.1 


7.1 


6.9 


7.0 


Sarnia 


5. A 


6.0 




6.0 


5.7 


5.8 


6.5 


6.3 


6.2 


6.2 


6.3 


Guelph 


^.9 


5.3 




5.6 


5.0 


5.2 


6.5 


5.9 


6.1 


5.6 


6.0 


Fergus 


^.9 


5.0 




5.5 


4.8 


5.0 


. 6.3 


5.4 


5.2 


5.4 


5.6 


North Toronto 


4.8 


4.5 




4.6 


4.8 


4.7 


6.2 


5.7 


5.3 


5.7 


5.7 


Newmarket 


7.1 


7.5 




7.7 


7.4 


7.4 


7.7 


7.8 


7.7 


7.7 


7.7 


Toronto Number 


5.0 


4.8 




4.7 


4.7 


4.8 


6.4 


5.8 


5.3 


5.7 


5.8 



AQne appl ication 



TABLE 173. Nitrogen Concentration rn Ryegrass (Greenhouse, 197^, first 
crop) , 



SLUDGE 



o 



NONE 

AURORA 

MIDLAND 

POINT EDWARD 

SARNIA 

GUELPH 

FERGUS 

NORTH TORONTO 

NEWMARKET 

TORONTO NUMBER 

MEAN 



SOIL pH 
5.0 7.0 



NITROGEN Ib/ac (kg/ha) 



178 
(200) 



712 

(800) 



1424 
(1600) 



NITROGEN CONCENTRATION - % 

1.60 1.98 

3.59 3.37 

3.30 3.59 

3.99 4.13 

4.13 4.16 

4.18 4.48 

3.99 4.57 

3.92 4.08 

4.39 4.13 

4.20 4.31 



2.28 a 3.14 bed 4.60 fgh 

2.31 a 2.70 b 4.36 efg 

3.11 bed 3.66 de 4.72 fgh 

3.28 cd 4.40 fgh 4.45 fgh 

3.64 de 4.58 fgh 4.55 fgh 

3.50 d 4.51 fgh 4.57 fgh 

2.85 be 4.10 ef 4.52 fgh 

3.26 cd 4.39 fgh 4.69 gh 

3.26 cd 4.71 gh 4.52 fgh 



MEAN 



3.73 3.92 



3.05 



4.02 



^.55 



1.79 
3.34 
3.12 
3.83 
4.04 
4.26 

4.19 
3.82 

4.n 

4.16 
3.87 



Significance of "F" Test at 0.05 and 0.01 Probability 



sludge source - 0.01 
sludge rate - 0.01 
soil pH - 0.01 



source x rate - 0.01 
source x soil pH - 0.05 
soi 1 pH X rate - 0.01 
source x rate x soil pH - N.S 



TABLE ]7k. Nitrogen Concentration In Ryegrass. Second Crop, Greenhouse 
Experiment 2, 197^. 



Ni trogen 










Rate 




pH 




Mean 


Ib/ac (kg/ha) 


5.0 




7.0 










% N 




Control 


4.6 




^.9 


4.8 


178 
(200) 


k.\ 




k.i^ 


k.2 


712 
(800) 


5.1 




5.1 


5.1 


(1600) 


5.2 




5.1 


5.2 


]kZk one 
(1600) appi ication 


5.1 




5.0 


5.1 



Significance of "F" test at 0.05 and 0.01 probability. 

sludge source - N.S. 
sludge rate - 0.01 
soil pH - N.S. 
soil pH X rate - 0.01 
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TABLE 175. Phosphorus Concentration In Ryegrass (Greenhouse, 197^, first 
crop) . 



ro 
o 



SLUDGE 


SOIL pH 
5.0 7.0 




NITROGEN 


Ib/ac (kg/ha) 






178 
(200) 


712 
(800) 


1^24 
(1600) 


MEAN 






PHOSPHORUS CONCENTRATION 


- % 




NONE 


0.59 


0.62 








0.60 


AURORA 


0.66 


0.65 


0.70 


0.72 


0.61 


0.68 


MIDLAND 


0.72 


0.72 


0.70 


0.76 


0.71 


0.72 


POINT EDWARD 


0.71 


0.71 


0.79 


0.76 


0.65 


0.73 


SARNIA 


0.68 


0.70 


0.70 


0.70 


0.69 


0.70 


GUELPH 


0.72 


0.73 


0.76 


0.75 


0.70 


0.7'* 


FERGUS 


0.57 


0.67 


0.72 


0.54 


0.62 


0.63 


NORTH TORONTO 


0.73 


0.69 


0.76 


0.71 


0.68 


0.72 


NEWMARKET 


0.70 


0.60 


0.69 


0.57 


0.67 


0.64 


TORONTO NUMBER 


0.70 


0.71 


0.71 


0.70 


0.71 


0.71 



MEAN 



0.68 0.68 



0.72 



0.69 



0.67 



0.69 



Significance of "F" Test at 0.05 and 0.01 Probability 



sludge source - 0.01 
sludge rate - 0.01 
soil pH - N.S. 



source x rate - 0.01 
source x soil pH - 0.01 
sol 1 pH X rate - N.S. 
source x rate x soil pH - 0.05 



TABLE !76. Phosphorus Concentration in Ryegrass. Second Crop, Greenhouse 
Experiment 1 , tS?'* 



S 1 udge 



Mean 



Nitrogen Rate 
Ib/ac (kg/ha) 



A*One appl ication 



Significance of "P' test at 0.05 and 0.01 probability 
sludge source - 0.01 soil pH x rate - 0.05 
si udge rate - 0.01 
soil pH - N.S. 



Mean 





P - % 




P - % 


None 


0.7^ 


200 (224)* 


OJk 


Aurora 


0.69 


178 (200) 


0.80 


Midland 


0.80 


712 (800) 


0.7A 


Point Edward 


0.7^ 


]k2k (1600) 


0.71 


Sarnia 


0.75 


1^24 (1600)** 


0.75 


Guelph 


0.77 






Fergus 


0.78 






North Toronto 


0.76 






Newmarket 


0.71 






Toronto Number 


0.77 






Mean 


0.75 
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TABLE 177. Potassium Concentration In Ryegrass (Greenhouse, ]97i», first 
crop). 



O 



SLUDGE 


SOIL pH 
5.0 7.0 




NITROGEN 


Ib/ac (kq/ha) 






178 


712 


1424 


MEAN 








(200) 


(800) 


(1600) 








POTASSIUM 


1 CONCENTRATION - 


% 




NONE 


4.61 


4.76 








4.68 


AURORA 


6.25 


6.37 


5.40 


5.93 


6.90 


6.08 


MIDLAND 


5.91 


6.23 


5.62 


5.74 


6.45 


6.08 


POINT EDWARD 


6.20 


6.12 


6.04 


6.06 


6.27 


6.12 


SARNIA 


6.30 


6.24 


6.14 


6.39 


6.28 


6.27 


GUELPH 


6.00 


6.44 


6.30 


6.71 


5.94 


6.32 


FERGUS 


5.87 


6.70 


6.59 


6.07 


6.24 


6.30 


NORTH TORONTO 


6.65 


6.50 


6.11 


6.69 


6.74 


6.51 


NEWMARKET 


6.42 


6.18 


5.91 


6.16 


6.57 


6.21 


TORONTO NUMBER 


6.39 


6.29 


5.63 


6.70 


6.51 


6.28 



MEAN 



6.06 6.18 



5.97 6.27 



6.43 



6.22 



Significance of "F" Test at 0.05 and 0.01 Probability 



sludge source - 0.01 
sludge rate - 0.01 
soi 1 pH - 0.05 



source x rate - 0.01 
source x sol 1 pH - 0.01 
soi 1 pH X rate - N.S. 
source x rate x soil pH - N.S 



TABLE 178. Potassium Concentration in Ryegrass. Second Crop, Greenhouse 
Experiment, 197^. 



S 1 udge 



Mean 



K - % 



None 

Aurora 

Midland 

Point Edward 

Sarnia 

Guelph 

Fergus 

North Toronto 

Newma rke t 

Toronto Humber 



6.4 

6.7 

6.1 
6.1 
6.2 
6.1 
6.6 

6.3 
6.^ 
6.ii 



Mean 



6.3 



Significance of "P' test at 0.05 and O.OI probability, 

sludge source - 0.01 soil pH x rate - N.S. 

sludge rate - 0.01 

soil pH - 0.05 
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TABLE 179. Calcium Concentration in Ryegrass (Greenhouse, IS/i*, first 
crop) . 



o 

C30 



SLUDGE 


SOIL 
5.0 


pH 
7.0 


178 
(200) 


NITROGEN 

712 

(800) 


Ib/ac (kq/ha) 






(1600) 


MEAN 






CALCIUM 


CONCENTRATION - % 






NONE 
AURORA 
MIDLAND 
POINT EDWARD 


0.^7 
0.70 
0.72 
0.96 


0.68 
O.&k 
0.81 
0.99 


0.66 
0.66 
0.77 


0.72 
0.67 
0.88 


0.86 
0.86 
1.1A 


0.58 
0.75 
0.73 
0.93 


SARN 1 A 
GUELPH 
FERGUS 


0.82 
0.90 
0.71 


0.92 
1.16 
0»99 


0.70 

0.81 
0.73 


0.90 
0.98 
0o91 


0.91 
1.05 
0.87 


0.84 
0.95 
0.84 


NORTH TORONTO 


0„72 


0.99 


0.68 


0.88 


0.91 


0.82 


NEWMARKET 
TORONTO HUMBER 


1.02 

0.81 


1.07 
1.08 


0.8/* 

0.70 


1.05 
0.92 


1.09 
1.0^ 


0.99 
0.89 



MEAN 



0.78 0.95 



0.73 



0.88 



0.97 



0.86 



Significance of "F" Test at 0,05 and 0.01 Probability 



sludge source - O.OI 
sludge rate - 0.01 
soi 1 pH - 0.0! 



source x rate - 0.05 

source x soi 1 pH - 0.01 
source pH x rate - 0.01 
source x rata x soil pH - N.S. 



TABLE 180. Calcium Concentration in Ryegrass. Second Crop, Greenhouse 
Experiment 1 . 197^. 



S 1 udge 



178(200) 



N It rogen Ra te Ib/ac (kg/ha) 

1^124(1600) 142^1(1600) 

(1 application) 



trooen K 
712(800) 



Mean 



Ca - * 



None 










0.7 


Aurora 


0.8 


1.2 


U2 


1.1 


1.1 


Midland 


0.9 


1 .1 


t.l 


1.1 


1.0 


Pt. Edward 


1.0 


1.6 


1.7 


1.6 


1.5 


Sarnia 


0.9 


1.1 


1.0 


1.0 


1.0 


Guelph 


0.9 


1.1 


1.1 


1.1 


1.1 


Fergus 


0.8 


0.8 


0.8 


0.9 


0.8 


N. Toronto 


0.7 


0.9 


0.8 


1.0 


0.9 


Newmarlcet 


1.1 


1.6 


1.5 


\A 


1.4 


Tor. Number 


0.8 


0.9 


0.9 


1.0 


0.9 


Mean 


0.9 


1.1 


Ul 


1.1 


1.1 


pH 5.0 


0.7 


0.9 


1.0 


1.0 


0.9 


7.0 


1.0 


1.3 


1.2 


1.2 


1.2 



Significance of "F" test at 0.05 and 0.01 probability, 
sludge source - 0.01 source x rate - 0.01 
sludge rate - 0.01 soil pH x rate - N.S, 
soil pH - 0.01 soil pH x source - 0.01 
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TABLE 181. Magnesium Concentration in Ryegrass (Greenhouse, 1974, first 
crop) , 



O 



SLUDGE 


SOIL pH 
5.0 7.0 




NITROGEN 


lb/, 


ac (kg/ha) 






178 
(200) 


712 

(800) 




1424 

(1600) 


MEAN 






MAGNESIUM 


CONCENTRATION - 


■ % 






NONE 


0.13 


0.13 










0.13 


AURORA 


0.27 


0.25 


0.17 


0.22 




0.33 


0.24 


MIDLAND 


0.26 


0.25 


0.16 


0.19 




0.33 


0.23 


POINT EDWARD 


0.27 


0.2^ 


0.19 


0.21 




0.32 


0.24 


SARNIA 


0.31 


0.28 


0.20 


0.30 




0.33 


0.28 


GUELPH 


0.27 


0.28 


0.21 


0.30 




0,29 


0.27 


FERGUS 


0.23 


0.28 


0.21 


0.28 




0.27 


0.25 


NORTH TORONTO 


0.26 


0.25 


0.16 


0.27 




0.29 


0.24 


NEWMARKET 


0.26 


0.23 


0.18 


0.25 




0.28 


0.24 


TORONTO NUMBER 


0.27 


0.26 


0.17 


0.30 




0.30 


0.26 



MEAN 



0.25 0.24 



0.18 



0.26 



0.31 



0.25 



Significance of "F" Test at 0.05 and 0.01 Probability 



sludge source - 0.01 
sludge rate - 0.01 
soi 1 pH - 0.01 



source x rate - 0.01 
source x soil pH - 0.01 
soi 1 pH X rate - N.S. 

source x rate x soil pH - N.S, 



TABLE 182. Magnesium Concentration in Ryegrass. Second Crop, Greenhouse 
Experiment 1, 197^ 



Sludge 



Mean 



pH 
5.0 7.0 



Mean 



Nitrogen Rate 
Ib/ac (kg/ha) 



0.35 



0.32 



0.3^ 



Mean 







Mg-^ 






Hg-* 


None 


0.27 


0.27 


0.27 


200 (224)* 


0.27 


Au ro ra 


0.37 


0.33 


0.36 


178 (200) 


0.31 


Midland 


0.41 


0.38 


0.40 


712 (800) 


0.37 


Point Edward 


0.51 


0.31 


0.41 


1424 (1600) 


0.33 


Sarnia 


0.38 


0.3S 


0.39 


1424 (1600)** 


0.35 


Guelph 


0.32 


0.3^ 


0.33 






Fergus 


0.29 


0.30 


0.30 






North Toronto 


0.31 


0.3^ 


0.33 






Newmarket 


0.29 


0.22 


0.26 






Toronto Humber 


0.29 


0.29 


0.29 







*NH^NO- 

"*One appl I cat ion 

Significance of "F" test at 0.05 and 0.01 probability, 

sludge source - 0.01 soil pH x rate - N.S, 

sludge rate - N.S. source x pH - 0.05 

soil pH - 0.05 
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TABLE 183. Boron Concentration in Ryegrass (Greenhouse. 197^, first 
crop). 






SLUDGE 


SOIL pH 
5.0 7.0 




NITROGEN IbA 


ac (kg/ha) 






178 

(200) 


712 
(800) 


]k2k 

(1600) 


MEAN 






BORON 


CONCENTRATION - yg/g 






NONE 


12.5 


7.5 








10.0 


AURORA 


12.3 


6.9 


8.3 


10.5 


9c8 


9.5 


MIDLAND 


35.6 


19.8 


13.0 


33«8 


32.0 


26.3 


POINT EDWARD 


10.9 


8.9 


7.8 


7.0 


12.4 


9.1 


SARNIA 


16.9 


12.8 


8.5 


11.8 


19.5 


13.3 


GUELPH 


11.8 


12.1 


8.8 


10.0 


14,5 


11.1 


FERGUS 


10.1 


9.9 


7.3 


9.9 


11.4 


9.5 


NORTH TORONTO 


9.3 


6o3 


8.3 


8.0 


7.4 


7.9 


NEWMARKET 


6.5 


5.0 


6.5 


6.0 


5.3 


5.9 


TORONTO NUMBER 


10.3 


12.4 


7.8 


7.8 


14.9 


10.2 



MEAN 



13,6 10.2 



8.5 



11.6 



14. 



11.4 



Significance of "F" Test at 0.05 and 0.01 Probability 



sludge source - 0.01 
sludge rate - 0.01 
soi I pH - 0.01 



source x rate - 0.01 
source x soil pH - 0.01 
source pH x rate - N.S. 
source x rate x soil pH - N.S 



TABLE 18^1. Cadmium Concentration in Ryegrass (Greenhouse, 197^*, first crop). 



CM 



SLUDGE 



NITROGEN Ib/ac (kg/ha) 



pH 5.0 



pH 7.0 





178 

(200) 


712 

(800) 


]k2k 
(1600) 


MEAN 


178 
(200) 


712 
(800) 


1424 

(1600) 


MEAN 








CADMIUM CONCENTRATION 


- yg/g 






NONE 








0.37 








0.55 


AURORA 


0.56 


0.58 


0.77 


0.64 


0.63 


0.60 


0.75 


0.66 


MIDLAND 


0.45 


0,50 


0.63 


0.53 


0.55 


0.45 


0.66 


0.55 


POINT EDWARD 


0.58 


0.55 


0.66 


0.59 


0.85 


0.60 


0.56 


0.67 


SARNIA 


0.70 


1.15 


].kk 


1.09 


0.65 


1.00 


1.07 


0.91 


GUELPH 


1.30 


2.52 


^.31 


2.71 


1.03 


2.15 


2.30 


1.83 


FERGUS 


0.60 


1.79 


1.74 


1.38 


0.73 


1.18 


0.95 


0.95 


NORTH TORONTO 


0.48 


0.63 


0.64 


0.58 


0.70 


0.70 


0.82 


0.74 


NEWMARKET 


0.65 


0.70 


0.60 


0.65 


0.62 


0.55 


0.65 


0.61 


TORONTO NUMBER 


0.62 


1.13 


2,47 


1.41 


0.90 


1.60 


1.94 


1.48 



MEAN 



0.66 



1.06 



1.^7 



1.06 



0.74 0.98 



.08 



0.93 



Significance of "F" test at 0.05 and 0.01 Probability 



sludge source 


- 0.01 


sludge rate 


- 0.01 


soil pH 


- 0.01 



source x rate - 0.01 

source x soil pH - 0.01 

soi 1 pH X rate - 0.01 

source x rate x soil pH - 0.01 



TABLE 185. Cadmium Concentration in Ryegrass. Second Crop, Greenhous* 
Experiment 1 , 197^ 



Sludge 



Mean 



Mean 



Cd ug/g 



None 


0.36 


Au ro ra 


0.60 


Midland 


0.32 


Point Edward 


0.i*0 


Sarnia 


0.69 


Guelph 


2.30 


Fergus 


0.98 


North Toronto 


0.33 


Newmarket 


0.55 


Toronto Humber 


1.01 



0.80 



Nitrogen Rate 
Ib/ac (kg/ha) 



Mean 



Cd ug/g 



200 (22^) A 


0.36 


178 (200) 


0.50 


712 (800) 


0.80 


1424 (1600) 


0.91 


1424 (]600)>tA 


0.98 



ANH^NO^ 

""One appl ication 



Significance of "F" test at 0.05 and O.OI probability, 
sludge source - 0.01 soil pH x rate - N.S 
sludge rate - 0.05 
soil pH - N.S, 
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TABLE 186. Chromium Concentration in Ryegrass (Greenhouse, 197^» first 
crop) . 






SLUDGE 



SOIL pH 



NITROGEN Ib/ac (kg/ha) 



5.0 



7.0 



178 
(200) 



712 
(800) 



142^ 
(1600) 



CHROMIUM CONCENTRATION - yg/g 



NONE 


1.2 


1.5 


AURORA 


1.8 


1.8 


MIDLAND 


2.0 


1.6 


POINT EDWARD 


1.7 


2.k 


SARNIA 


1.8 


2.1 


GUELPH 


2.2 


2J 


FERGUS 


1.9 


2.6 


NORTH TORONTO 


2.2 


2.2 


NEWMARKET 


1.8 


2.1 


TORONTO NUMBER 


1.9 


1.8 



1.7 


2,0 


1.9 


1.6 


2.1 


2.1 


2.0 


2.0 


2.1 


2.5 


2.5 


1.9 


2.2 


2.6 


2.0 


2.0 


1.8 


1.9 



1.7 
1.9 
2.0 

1.9 
2.0 

2.3 
2.0 
1.8 
1.9 



MEAN 



1.8 
1.8 
2.1 
2.0 
2.2 
2.2 
2.3 
1.9 
1.8 



MEAN 



1.3 



2.0 



2.0 



2,1 



2.0 



2.0 



Significance of "F* Test at 0.05 and 0.01 Probability 



sludge source - 0.01 
sludge rate - N.S. 
soi I pH - 0.05 



source x rate - N.S. 
source x soil pH - 0.01 
soil pH X rate - 0.05 
source x rate x soil pH - 0,05 



TABLE 187. Chromium Concentration In Ryegrass. Second Crop, Greenhou 
Experiment t , 197^*, 



se 



S ] udge 



Mean 



Mean 



Cr ug/g 



None 


. 0.9 


Aurora 


1.7 


Midland 


. 1.1 


Point Edward 


1.1 


Sarnia 


0.9 


Guelph 


1.2 


Fergus 


1.1 


North Toronto 


0.8 


Newma rke t 


0.9 


Toronto H umber 


0.8 



1.1 



Ni trogen Rate 
Ib/ac (kg/ha) 



200 (22^) A 
178 (200) 
712 (800) 
\kZk (1600) 
142^ (1600)AA 



Mean 



Cr ug/g 

0.9 
0.9 
I.O 
1.2 
1.2 



ANH^NOj 

"*One appl Icatlon 



Significance of "F" test at 0.05 and 0.01 probability 

sludge source - 0.01 soil pH x rate - N.S 

sludge rate - N.S. 

soil pH - N.S. 
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TABLE 188. Copper Concentration in Ryegrass (Greenhouse, 197^, first crop) 



ro 



SLUDGE 


SOIL 


pH 




NITROGEN 


lb/ 


'ac (kg/ha) 






5.0 


7.0 


178 

(200) 


712 
(800) 




(1600) 


MEAN 






COPPER 


CONCENTRATION - yg/g 






NONE 


10 


10 










10 


AURORA 


15 


15 


n 


\k 




17 


14 


MIDLAND 


14 


14 


u 


14 




16 


14 


POINT EDWARD 


18 


17 


\k 


II& 




20 


17 


SARNIA 


18 


18 


\k 


19 




20 


18 


GUELPH 


22 


19 


18 


20 




22 


20 


FERGUS 


21 


20 


is 


21 




22 


20 


NORTH TORONTO 


16 


16 


12 


16 




18 


15 


NEWMARKET 


16 


16 


13 


16 




17 


15 


TORONTO NUMBER 


19 


17 


12 


18 




20 


17 



MEAN 



17 



16 



13 



17 



19 



17 



Significance of "P' Test at 0.05 and 0.01 Probability 



sludge source - 0.01 
sludge rate - 0.01 
soil pH - 0.01 



source x rate - U.S. 
source x sol 1 pH - N,S. 
soi 1 pH X rate - 0.01 
source x rate x soli pH - N.S 



TABLE 189. Copper Concentration, of Ryegrass. Second Crop, Greenhouse 

Experiment 1 , 197^. 



SI udge 



Mean 



Nitrogen Rate 
Ib/ac (kg/ha) 



*NH^NO. 

**One appi i cation 



Significance of "P' test at 0.05 and 0.01 probabilities 
sludge source - .01 soil pH x rate - N.S. 
sludge rate - .01 source x rate - N.S. 
soil pH - N.S, 



Mean 





Cu ug/g 




Cu ug/g 


None 


18.3 


200 (22^)* 


18.3 


Aurora 


20.3 


178 (200) 


22.7 


Midland 


21.2 


712 (800) 


27.5 


Point Edward 


37.5 


1^2^ (1600) 


30.7 


Sarnia 


29.6 


]k2k (1600)** 


30.5 


Guelph 


29.3 






Fergus 


33.3 






North Toronto 


26.9 






Newmarket 


2^1.9 






Toronto Number 


27.9 






Mean 


27.9 







218 



TABLE 190. Iron Concentration In Ryegrass (Greenhouse, 197^, first crop). 



V0 



SLUDGE 



NONE 

AURORA 

MIDLAND 

POINT EDWARD 

SARNIA 

GUELPH 

FERGUS 

NORTH TORONTO 

NEWMARKET 

TORONTO NUMBER 

MEAN 



SOIL pH 



NITROGEN ib/ac (kg/ha) 



5oO 



7.0 



178 
(200) 



712 
(800) 



IRON CONCENTRATION - yg/g 

91 121 

105 137 

85 101 

116 1^1 

113 110 

109 119 

118 114 

105 118 

115 123 

107 113 



106 


145 


90 


86 


nk 


90 


116 


106 


121 


126 


120 


123 


98 


109 


13^* 


126 


104 


109 



106 119 



113 



113 



1424 
(1600) 



117 
98 

151 
112 
105 
111 
120 
109 
114 

115 



Significance of "F' Test at 0.05 and 0.01 Probability 



sludge source - 0.01 
sludge rate - N.S, 
soil pH - 0.01 



source x rate - 0.01 
source x soil pH - R.S. 
soil pH X rate - 6.^1 
source x rate x soil pH - N.S 



MEAN 



123 



U1 
117 
118 



109 
114 



TABLE 191. Iron Concentration of Ryegrass. Second Crop, Greenhouse 

Experiment 1 , 197^. 



Sludge 



Mean 



Nitrogen Rate 
Ib/ac (kg/ha) 



*One appl i cat ion 

Significance of "F" test at 0.05 and 0.01 probability 

sludge source - 0.01 soil pH x rate - N.S. 

sludge rate - 0.01 source x rate - N.S, 

soil pH - N.S. 



Mean 





Fe ug/g 




Fe ug/g 


None 


190 


Control 


190 


Au ro ra 


220 


178 (200) 


200 


Midland 


184 


712 (800) 


205 


Point Edward 


239 


]k2k (1600) 


281 


Sarnia 


213 


}k2k (1600)* 


254 


Guelph 


303 


Mean 


235 


Fergus 


278 






Nortli Toronto 


203 






Newmarket 


238 






Toronto Humber 


235 






Mean 


235 
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TABLE 192. Manganese Concentration in Ryegrass (Greenhouse, 197^1, first 
crop) . 



SLUDGE 



1^ 



SOIL pH 
5,0 7.0 



NITROGEN Ib/ac (l<g/ha) 



178 
(200) 



712 

(800) 



1^24 
(1600) 



NONE 432 

AURORA 665 

MIDLAND 254 

POINT EDWARD 185 

SARNIA 464 

GUELPH 672 

FERGUS 652 

NORTH TORONTO 538 

NEWMARKET 207 

TORONTO NUMBER 611 



MANGANESE CONCENTRATION - ug/g 
208 

254 245 614 490 

184 230 215 215 

148 223 153 145 

273 338 374 38I 

253 322 523 503 

319 393 570 490 

245 298 370 449 

170 203 208 172 

253 324 423 490 



MEAN 



320 
449 
220 
174 
364 
449 
484 
372 
194 
412 



MEAN 



468 230 



286 



383 



Significance of "F" Test at 0.05 and 0.01 Probability 



sludge source - 0.01 
sludge rate - 0,01 
soil pH - 0.01 



370 



source x rate - 0,01 
source x soil pH - 0,01 
soi 1 pH X rate - O.Ol 
source x rate x soil pH - 0,01 



346 



TABLE 193- Manganese Concentration in Ryegrass. Second Crop, Greenhouse 
Experiment 1 , 197^ 



S ] udge 



None 

Aurora 

Midland 

Point Edward 

Sarnia 

Gue)ph 

Fergus 

North Toronto 

Newmarket 

Toronto Number 

Mean 



Mean 



605 

240 

167 

132 
391 

m 

552 

m 

175 
345 

319 



Nitrogen Rate 
Ib/ac (kg/ha) 



5.0 



pH 



Mn ug/g 



432 



7.0 



207 



Mean 



200 (224)* 


1081 


123 


605 


178 (200) 


451 


142 


296 


712 (800) 


436 


189 


312 


1424 (1600) 


288 


260 


274 


1424 (1600) A* 


555 


235 


395 



319 



'^NH^NO^ 

**One app] ication 

Significance of "F" test at 0.05 and 0.01 probability, 

sludge source - 0.01 soil pH x rate - 0.01 

sludge rate - 0.01 sludge source x pH - 0.05 

soil pH - 0.01 
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TABLE 19*1. Nickel Concentration in Ryegrass (Greenhouse, 197^. first crop) 






SLUDGE 








NITROGEN 


Ib/i 


30 (kg/ha) 










pH 


5.0 










pH 7. 









178 
(200) 


712 
(800) 


\k2k 
(1600) 




MEAN 


178 
(200) 


712 
(800) 


1424 
(1600) 


MEAN 








NICKEL 


CONCENTRATION - 


pg/g 






NONE 










4.3 










2.0 


AURORA 


^.3 


3.h 


2.8 




3.5 




3.3 


4.0 


2.5 


3.3 


MIDLAND 


3^.5 


^6.5 


61.5 




47.5 




8.5 


32.0 


33.1 


24.5 


POINT EDWARD 


3.5 


2.8 


1.8 




2.7 




2.5 


2.3 


2.8 


2.5 


SARNIA 


i».8 


^.0 


^.3 




k.k 




3.5 


2.5 


2.5 


2.8 


GUELPH 


^.5 


8.0 


11.5 




8.0 




3.5 


5.0 


4.6 


4.4 


FERGUS 


^.8 


7.h 


7.^ 




6.5 




2.0 


3.8 


3.5 


3.1 


NORTH TORONTO 


5.0 


5.0 


6.5 




5.5 




3.5 


4.0 


4.1 


3.9 


NEWMARKET 


3.0 


2.0 


1.6 




2.2 




2.3 


2.3 


2.1 


2.2 


TORONTO NUMBER 


6.8 


17.5 


26.8 




17.0 




2.0 


5.3 


12.1 


6.5 



MEAN 



7.9 



10.7 13.8 



10.8 



3.4 6.8 



7.5 



5.9 



Significance of "P' Test at 0.05 and 0.01 Probability 



sludge source - 0.01 
sludge rate - 0.01 
soil pH - 0.01 



source x rate - 0.01 
source x soil pH - 0.01 
soil pH X rate - 0.01 
source x rate x soil pH - 0.01 



TABLE 195. Nickel Concentration in Ryegrass. Second Crop, Greenhouse Experiment 1, 1974 



Sludge 



5.0 



pH 



7.0 



78(200) 





None 


3.6 




Aurora 


1.^ 




Midland 


39.7 




Pt. Edward 


0.9 


4^ 


Sarnia 
Guelph 


2.3 

5.4 




Fergus 


7.8 




N. Toronto 


k.] 




Newmarket 


1.3 




Tor, Humber 


22.3 




Mean 


9.5 




pH 5.0 






7.0 





1.7 

I.O 

32.8 
0.9 
1.3 

1.5 
4.6 
1.5 
1.5 
8.6 
6,0 



1.6 
16.6 
1.2 
2.2 
3.2 
4.6 
2.5 
1.3 
9.4 

4.7 
6.6 

2.9 



Nitrogen Rate Ib/ac (kg/ha) 
712(800) 1^2^(1600) 



njPTT^oo) 

(1 appl ication) 



Mean 



sludge source - .01 
sludge rate - 0.01 
soil pH - 0.01 



Ni - Pg/g 


0.7 


0.9 


34.9 


44.8 


0.5 


0.7 


1.6 


U1 


3.5 


2.4 


6.6 


7.1 


2.6 


2.1 


1.2 


1.6 


15.4 


17.2 


7.5 


B.7 


8.3 


9.8 


6.6 


in 



Significance of "F" test at 0.05 and 0.01 probability. 

source x rate - 0.01 
soi 1 pH X rate - 0.01 
soil pH X source - 0.0 



1.5 

48.7 

1.0 

1.7 

4.6 

6.6 

4.0 

1,4 

19.7 

9.9 

13.1 

6.7 



2*7 

1.2 

36.2 

0.9 
1.8 
3.4 
6.2 
2.8 
1.4 
15.7 
7.7 
9.5 
6.0 



TABLE 196. Ztnc Concentration In Ryegrass (Greenhouse, 197^, first crop). 



NJ 



SLUDGE 








NITROGEN 


Ib/ac (kg/ha 


) 










PH 


5.0 






pH 


7.0 






178 
(200) 


712 
(800) 


]k2k 
(1600) 


MEAN 


178 
(200) 


712 
(800) 


1424 
(1600) 


MEAN 








ZINC 


CONCENTRATION - yg/g 








NONE 








60 








42 


AURORA 


m 


k0 


50 


46 


35 


28 


31 


31 


MIDLAND 


kZ 


13 


43 


40 


36 


30 


32 


32 


POINT EDWARD 


Sk 


47 


50 


50 


34 


34 


42 


37 


SARNIA 


156 


311 


'too 


289 


59 


166 


238 


154 


GUELPH 


130 


239 


'f20 


263 


64 


67 


47 


59 


FERGUS 


52 


A3 


43 


46 


35 


46 


68 


49 


NORTH TORONTO 


84 


131 


147 


121 


52 


64 


73 


63 


NEWMARKET 


60 


48 


58 


55 


34 


39 


50 


41 


TORONTO HUMBER 


102 


256 


371 


243 


47 


90 


145 


94 



MEAN 



ai 



128 



176 



128 



44 



62 



81 



62 



Significance of "P' test at 0.05 and 0.01 Probability 



sludge source - 0.01 
sludge rate - 0.01 
soil pH - 0.01 



source x rate - 0.01 
source x soil pH - 0.01 
soi 1 pH X rate - 0.01 
source x soil pH x rate - 0.01 



TABLE 197. Zinc Concentration in Ryegrass. Second Crop, Greenhouse Experiment 1, 197^. 






Sludge 



5.0 



ORIGINAL SOIL pH 



Nitrogen Rate Ib/ac (kg/ha) 



7.0 



Nitrogen Rate Ib/ac (kg/ha) 



178 712 U24 )424^v Mean 1 78 712 ]mi, ]k2k^ Mean 

(200) (800) (1600) (1600) (200) (800) (1600) (1600) 



r— 

Zn \ig/g 



None 










86 










38 


Aurora 


57 


50 


47 


54 


52 


29 


38 


41 


42 


37 


Midland 


46 


kti 


57 


57 


51 


29 


42 


45 


41 


39 


Point Edward 


59 


45 


54 


37 


49 


33 


38 


47 


56 


44 


Sarnia 


200 


207 


200 


111 


220 


105 


218 


211 


225 


190 


Guelph 


n 1 


H3 


109 


226 


148 


58 


133 


1 12 


133 


109 


Fergus 


190 


220 


201 


500 


278 


65 


196 


185 


179 


156 


North Toronto 


100 


109 


106 


121 


109 


37 


66 


81 


76 


65 


Newma rke t 


38 


hi 


68 


51 


51 


25 


47 


78 


49 


49 


Toronto H umber 


117 


152 


132 


215 


170 


49 


107 


102 


103 


90 


Mean 


102 


113 


108 


170 


123 


48 


98 


100 


100 


87 



"One appl ication 



.jSr: 



Significance of "F" test at 0.05 and 0.01 probabilities - 



sludge source .01 
sludge rate .01 

soil pH .01 



soi 1 pH X rate .01 

source x rate .01 

soi 1 pH X source .01 



soil pH X rate x source ,01 



TABLE 198. Zinc Concentration in Ryegrass. Second Crop, Greenhouse 
Experiment 1 , 197^. 



Nitrogen Rate Ib/ac (kg/ha) 

Sludge ~n^ jn \k2h Pi^P" Mean 

(200) (800) (1600) (1600) 



Zn pg/g 



None 










62 


Aurora 


43 


kk 


44 


ii8 


45 


Midland 


37 


'^3 


51 


49 


^5 


Point Edward 


^6 


42 


51 


^7 


ke 


Sarni a 


T52 


213 


206 


2^9 


205 


Guelph 


85 


138 


1 11 


180 


128 


Fergus 


iir 


208 


193 


340 


217 


North Toronto 


69 


87 


93 


99 


87 


Newmarket 


31 


hj 


73 


50 


50 


Toronto H umber 


83 


130 


117 


159 


122 



Mean 74 I06 \0k 135 105 



"One appl i cation. 

Significance of "P' test at 0.05 and 0.01 probabilities. 

sludge source .01 soil pH x rate .01 soil pH x rate x source ,0 

sludge rate .01 source x rate .01 

soil pH .01 soil pH x source .01 
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TABLE 199. Concentration of AI and Pb Jn Ryegrass as Affected by Various Sludges. 
(Greenliouse, 197^, first crop) 



SLUDGE 



NONE 



AURORA 



MIDLAND 



POINT EDWARD 



SARNIA 



GUELPH 



FERGUS 



NORTH TORONTO 



NEWMARKET 



TORONTO NUMBER 



ALUMINUM 

,vg/g 



36 



36 



25 



32 



30 



36 



37 



3h 



32 



39 



LEAD 

yg/g 



3.^ 



5.2 



5.^ 



STATISTICAL SIGNIFICANCE AT 
PROBABILITY LEVELS LISTED 



FACTOR 



5.0 SLUDGES 



3.7 RATE 



k.O SOIL pH 



k,2 SLUDGE X RATE 



4.1 SLUDGE X pH 



4.5 SOIL pH X RATE 



3.5 SOURCE X RATE X pH 



Al 



.05 



.05 



Pb 



TO^ 



N.S. N,S 



N.S. N.S 



N.S. N.S 



N.S. N.S 



N.S. N.S 



N.S 
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TABLE 200. Aluminum Concentration in Ryegrass. Second Crop, Greenhouse 
Experiment 1 , 197^. 



Sludge 



Mean 



Nitrogen Rate 
Ib/ac (kg/ha) 



Mean 





Al yg/g 






Al yg/g 


None 


126 


200 


(224) * 


126 


Au ro ra 


155 


178 


(200) 


96 


Midland 


107 


712 


(800) 


n't 


Point Edward 


U2 


\k2h 


(1600) 


173 


Sarnia 


116 


]k2k 


(1600)** 


150 


Guelph 


177 








Fergus 


162 








North Toronto 


99 








Newmarket 


113 








Toronto Number 


125 








Mean 


133 









ANH^N03 

AAOne appi ication 



Significance of "P' test at 0.05 and 0.01 probability 

sludge source - 0.05 soil pH x rate - N.S, 

sludge rate - 0,01 

soil pH - N.S. 
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TABLE 201. Average Value, Ranges and Median Value of Soil and Plant 
Variables > Greenhouse Experiment 2* "* 



Va r i ab 1 e Mini mum Max i mum Mean Med i an 



Soil 



pH 


^.3 


7.9 


6.8 


6.9 


Cation Exchange Capacity 


5.^ 


67.4 


28.5 


23.9 


Organic Matter % 


0.6 


16.9 


A.5 


3.3 


Clay % 


2.7 


53.9 


18.1 


13.2 













Plant 




D.M. yie 


Id- 


-gm/pot 


7.9 


21.3 


13.9 


13.7 


Cu-yg/g 






7.0 


60.0 


20.1 


16.3 


Zn-yg/g 






29.0 


3250.0 


331.0 


89.0 


Cd-yg/g 






0.01 


51.9 


3.66 


0.93 


Ni-yg/g 






0.01 


132.76 


8.15 


2.0 


Pb-yg/g 






2.5 


11.0 


V.7 


k.S 
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TABLE 202. Soil Extractants Used In Greenhouse Experiment 2. 



Extractant Chemicals pH Soi 1 : Solution Shaking Reference 

Ratio Time 



EDTA 0.01 M EDTA 8*6 1:2 30 mln Trlerweller & Lindsay 

1,0 M (NH^)2C02 

DTPA 0.05 M DTPA 7.3 1:2 2 hr Linday £ Norvall 

0.1 M TEA 
0.01 M CaCl2 

Acetic acid 0.05 N CH^COOH 1:20 2 hr Scott S Mitchell 

Aqua Regia 18 ml HCl/g soil 1:24 30 min Van Loon 6 Lichwa 

6ml HN03/gsoil digestion 

after digestion samples were diluted and filtered to final volume of 25 ml 

Water H^O 1:2 

solution concentrated using organic solvent (MtBK) 
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7 SOIL CHARACTERIZATION 
7. 1 First Greenhouse Study 
7-1.1 Objectives 

To evaluate soil structure produced by the addition of sewage 
sludge. To determine the ultimate location of heavy metals in soils 
after additions of various sludges. 

7.1.2 Methods and materials 

Bulk soil samples from a check and the 5000 kg N/ha treat- 
ment of each sludge at both pH values were taken for chemical analysis. 

Blocks the full depth of the soils, extending to the centre 
from one edge of the pot and about two inches wide were sampled for 
thin sections. 

The sludges reacted with vestapol , so cast-embed was used as 
the impregnating resin. The resin did not harden at one atmosphere 
pressure so the blocks were subjected to fifteen atmospheres pressure 
with additional hardener dropped on the surface. Following this treatment 
the resin hardened in two hours. Thin sections were then prepared in 
the routine manner. 

Sodium-dithiontte and NH^-oxalate extractable Fe» Al and Mn 
were determined as described by Raad, Protz and Thomas (1969). Sodlum- 
dithionite extractable Ca. Mg and NH^-oxalate extractable Mg were deter- 
mined as outlined by Raad (I969). Sodium-di thioni te extractable 2n was 
determined using the method outlined by Jenne, Ball and Simpson (197it). 

The electron microprobe analyses were done on specially cut 
thin sections. These sections were carbon coated using standard high 
vacuum techniques and examined in an Acton electron microprobe at the 
University of Waterloo. The microprobe was fitted with an extra light 
source which allowed observation of the specimen by plain transmitted 
light during analyses, thus allowing accurate identification of features. 

7.1.3 Results and discussion 

Each of the three sludges possessed distinctive mlcromorphological 
forms in the soils. None of the features described here are similar to 
natural features as described by Protz. 197^ or in Section 7.3-3 of this 
repor t . 
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The Ca-sludge was a grainy white precipitate (Figure la) -- 
a mixture of Ca, P and Si (Figure 2). Some of the Ca was segregated 
into nearly "pure" Ca compounds (Figure la), presumably CaCO . These 
were usually on the edges of sludge beds and ranged in size from 'fO to 
150 y. 

Under the petrographic microscope Al-sludge appeared to have 
narrow slivers or fibres of crystalline compounds (Figure lb). However, 
under the electron microprobe (after high vacuum treatment during carbon 
coating) these slivers have not yet been adequately identified. Narrow 
concentrations of Al parallel to the slivers were found but it cannot 
be definitely stated that these are or are not Al compounds (Figure 3). 
These slivers ranged in width from 5 to 30 y and in length from 30 to ^00 y. 

Under the petrographic microscope some Fe concentrations appeared 
amorphous and a few were crystalline (Figure Ic). The Fe-sludge had 
concentrations of Fe - P minerals (Figure k) . The concentrations of 
Fe ranged in size from 5 to ^0 y. 

There was an increase of Na-di thioni te extractable Fe (Table 203) 
from the clay loam and sandy loam soils treated with Fe-sludge. The NH,- 
oxalate extractable Fe was higher than the check only for the sandy loam 
soil treated with Fe-sludge. This confirmed the microprobe data (Figure k) 
that the Fe in the Fe-sludge was in crystalline form, not an organic 
matter chelate. The Na-di thioni te extractable Al was equal to the checks , 
whereas the NH.-oxalate extractable Al was higher in the Al-sludge treated 
soils than in the checks (Table 203). This indicates that the Al from the 
sludge may be chelated to organic matter and not in inorganic crystals. 

The Na-dithionite extractable Ca was, as expected, higher for 
all samples in which the pH was raised to 7-5 (Table 204). The soils 
treated with Ca-sludge had higher Na-di thioni te extractable Ca than did 
the checks (Table 204) . NH.-oxalate extractable Mg was higher in the 
soils treated with Ca-sludge (Table 204). The Na-dithionite extractable 
Zn levels were uniformly low. 

Also, concentrations of heavy metals were not found in any of the 
thin sections studied. Since low concentrations of heavy metals were 
found in these three sludges (Volume II for this project, FY 73/7^), 
it is unlikely that concentrations could form during the short duration 
of the greenhouse experiment. 
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7.1.4 Conclusions 

The material in sludges has been segregated into various 
compounds. It is possible that this segregation of compounds could have 
occurred during the length of the first greenhouse experiment. However, 
these concentrations may form in the sludge during processing. If some 
concentrations begin to form in the sludge treatment process, however, 
they could act as nuclei for larger concentrations in the soil. It 
was decided to do X-ray diffraction analyses and microscopic examination 
of sludges (See Section 7.4). 

7-2 Characterization of Soils from the Field Grass Experiments 

7.2.1 Objectives 

To evaluate soil structure produced by sewage sludge applica- 
tions on field plots. To evaluate the extent of movement into the soil 
of Ca , Fe and Al used in sludge treatments. 

7.2.2 Methods and materials 

After the last sludge application in September of 1974, surface 
soil layers from one plot of each sludge at the 1600 l<g N/ha and 200 
kg N/ha rates were sampled for thin section preparation. A soil profile to 
the depth of 12 inches (30 cm) was also tal^en from each plot for element 
analysis. Extra small blocks of the surface two inches were taken 
to use as test blocks for impregnation, as difficulties occurred with the 
greenhouse samples. Na-di thioni te and NH^-oxalate extractable elements 
were determined by methods referred to in Section 7.1.2. 

7.2.3 Results and discussion 

The Fe and Al-sludges at the 1600 kg N/ha rate had nearly 
continuous black surface layers. The Ca-sludge did not have a continuous 
surface layer. The soil surfaces of each plot were 40^ covered by mosses 
at the time of sampling. The micromorphological features of each of 
the sewage sludges (Figure 5) were similar to that of the greenhouse soils 
(Figure ]). The movement of Fe-sludge and Al-sludge particles was not 
evident under the microscope. However, the Fe - P crystals were very 
evident in the Fe-sludge (Figure 5c). These crystals were decomposing 
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under field conditions (Figure 5e) . The movement downward of Ca sludge 
was evident by microscope (Figure 5d). 

The distribution of Na-di thioni te and NH^-oxalate extractable 
Fe. Al and Mn to the depth of 12 Inches (30 cm), for soils treated with 
Ca-sludge (Table 205). Al-sludge (Table 206) and Fe-sludge (Table 207). 
was similar to the untreated soils (Land Disposal of Sewage Sludge, 
Volume II, Table 27) except for the surface three inches (7-5 cm). 

The 1600 kg N/ha Ca-sludge treatment reduced the Na-di thioni te 
extractable Fe and Al down to three inches (7-5 cm), (Table 205). The 
1600 kg N/ha Al-sludge treatment reduced Na-di thionlte extractable Fe 
but increased extractable Al (Table 206) in the surface one inch (2.5 cm) 
NH,-oxalate extractable Al was also much higher with the 1600 kg N/ha 
Al-sludge treatment (Table 206) . There was an increase of Na-di thioni te 
extractable Fe down to 2 inches (5 cm) with the 1600 kg N/ha rate of 
Fe-sludge (Table 207). The higher NH^-oxalate extractable Fe within 
the 1600 kg N/ha rate of Fe-sludge (Table 207) does not correspond with 
the results on the greenhouse soils (Table 203). However, coupled with 
the evidence of the Fe - P crystals decomposing under field conditions 
(Figure 5e) , this suggests that the Fe released from these crystals may 
be chelated by soil organic matter. 

There was an increase in Na-di thioni te extractable Ca 
with the 1600 kg N/ha rate over the 200 kg N/ha rate down to the 12 
inch (30 cm) depth with the Ca-sludge (Table 208) , Al-sludge (Table 209) 
and Fe-sludge (Table 210). The increase in Ca was greatest, as 
expected, with the Ca-sludge. 

The NH, -oxalate extractable Mg values with the Ca-sludge 
(Table 208) and Fe-sludge (Table 210) were, as expected with the 1600 kg 
N/ha rate, showing an increase at all depths. The Mg values with the 
Al-sludge (Table 209) cannot be explained at this time. 

An increase in Na-di thioni te extractable Zn occurred in the 
surface inch (2.5 cm) of the 1600 kg N/ha rate of the Al-sludge (Table 
209) and the Fe-sludge (Table 210). 
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y.2,k Conclusions 

As the sludges were dried and rewetted during natural climatic 
conditions, the elemental "concentrations" found in the greenhouse experi- 
ments moved into the soil under field conditions, Ca moved further 
than Fe or Al , as expected. The Fe - P compounds are weathering under 
field conditions. 

7,3 Micromorphological Characterization of Soils from Corn Plots 
and Runoff Plots 

7.3. 1 Objectives 

To define the nature of micromorphological features present in 
the soils before any sewage sludge was applied. 

7.3.2 Methods and materials 

The methods of sampling, preparation of thin sections and 
microscopic examination have been reported (Land Disposal of Sewage Sludge, 
Vo 1 ume II). 

7.3-3 Results and discussion 

Representative dominant micropedological features of one soil 
profile from each experimental plot are presented. The natural pedological 
features that may influence movement and/or ultimate location of sewage 
sludge constituents are identified within each soil (Figures 6, 7, 8 and 

9). 

The coarse particle size of the Caledon sandy loam soil profile 

results in large amounts of pore space and limited absorptive capacity. 

The finer particles coat sand grains in the Ah horizon (Figure 6a). 

The clay particles have been moved out of the Ae horizon, leaving many 

uncoated sand grains (Figure 6b). The clay particles have been illuviated 

to the Bt horizon and coat nearly all the sand grains (Figure 6c). The 

calcium has reprecipi tated in the Cca horizon where various form of 

CaCO, minerals are found (Figure 6d). 

The medium particle size of the Conestoga silt loam soil profile 

from the Elora corn plots results in less large pore spaces and a greater 

absorptive capacity. The Ah horizon is made up of small undefined aggre- 
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gates (Figure Jb) , The irregular thickness of solum in this soil profile 
results In very well defined iron-manganese concretions near leached parts 
of the solum and also near weathering dolomite fragments in the ABl 
horizon (Figure 7b). The finer particle size and greater initial clay 
content (than in the Caledon soil profile) of the parent material results 
In argillans (clay akins) accumulating in larger pore spaces (voids) of 
the Bt horizon (Figure 7c). The fluctuating water table in this site 
results In faint Iron-manganese concentrations next to dolomitic particles 
In the II BCg horizon (Figure 7d). 

The high clay content of the Oneida clay loam soil profile from 
the Milton corn plots results in very few pores and argillans in the Ah 
horizon (Figure 8a), These are the reasons why this soil has a low 
infiltration rate and a high absorptive capacity. Water movement is 
dominantly along large pores (created during drying) which results in 
large amounts of illuviated clay lining these pores (Figure 8b). High 
water holding capacity of these soils results in the formation of Iron- 
manganese concentrations in the BC horizon (Figure 8c). In the C horizon, 
calcium carbonate accumulates along the walls of large pores (Figure 8d) . 

The micromorphological features of the Conestoga sandy clay 
loam soil profile from the runoff plots (Figure 9) are very similar to 
those of the Conestoga silt loam from the corn plots. However, the Ae 
horizon (Figure 9b) is depleted of clay as compared to the Ah horizon 
(Figure 9a). Thus, in a single field of this type of soil, variability 
occurs and should be understood. 

7.3.^ Conclusions 

The micromorphological features demonstrate that natural processes 
result In a variable redistribution of cations in each of the soils being 
used for sewage sludge disposal. It is logical to look for heavy metals 
after years of sewage sludge application near natural micropedologlcal 
features. 

y ,k Characterization of Sludges 

7.^.1 Introduction 

The microscopic examination of sewage sludge in thin sections 
of soils (Section 7.1.3) revealed that each sludge may contain a sub- 
stantial crystalline inorganic fraction prior to application on the soil. 
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It was decided to examine the nine sludges used in the second greenhouse 
experiment, as well as the three sludges used in the first greenhouse 
experiment, by X-ray diffraction and microscope analysis. 

7.4.2 Objectives 

To identify the inorganic and/or crystalline forms in the nine 
sewage sludges used in the second greenhouse experiment. 

7.4.3 Methods and materials 

The sludges were plated on 1 x 3 inch (2.5 x 7.5 cm) glass 
slides and X-ray diffraction patterns were collected after each of four 
pretreatments (air dry heating to 100 C, heating to 350 C, and heating 
to 550°C). 

The slivers or fibres were isolated from one sludge sample by 
simple sieving and washing. 

7.4.4 Results and discussion 

The preliminary mineral identification revealed quartz in each 
sludge (Table 211). Feldspars, silicate minerals, and calcite were 
other soil occurring minerals found in these sludges. Some forms of iron 
and aluminum phosphates were present in some sludges, also some aluminum 
sulphates and aluminum silicate hydrates (Table 211). As the diffraction 
patterns were taken of the total sludge, definite identification of the 
complex iron, and aluminum phosphate hydrates was not possible. Fractiona- 
tion of sludge samples prior to X-ray diffraction analyses should provide 
positive identification of most minerals. 

Examination of isolated slivers under the microscope showed 
the various forms present in sludge (Figure 10). Higher magnification 
revealed mat and spiral forms (Figure 10b). An X-ray diffraction pattern 
of this material and infra-red patterns suggested that these are organic 
materials. It is assumed that these slivers or fibres probably originate 
from synthetic materials used in clothes. 

7.4.5 Conclusions 

There are inorganic mineral forms present in the sewage sludges 
after treatment at the sewage plants. The sewage sludges contain large 
amounts of particulate matters. It would be useful to definitively 
identify the particulate matter in sewage sludges. 
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(a) Ca-sludge. Note recrystallization 
of Ca ( presumably CaC03)- 



(b) Al-sludge. Note fibrous material 
in Al—sludge. 



(c) Fe— sludge. 



FIGURE 1 . REPRESENTATIVE MICROGRAPHS 
OF THE THREE SLUDGES IN THE 
FIRST GREENHOUSE EXPERIMENT 
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FIGURE 2. ELECTRON MICROPROBE 

MICROGRAPHS SHOWING THE 
DISTRIBUTION OF Si,P, Ca, Al 
AND Fe IN A Ca-SLUDGE 
PARTICLE 
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FIGURE 3 . ELECTRON MICR0PR08E MICROGRAPHS SHOWING 
THE DISTRIBUTION OF Si, P. Al AND Ca IN AN 
AI-SLUDGE PARTICLE 
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FIGURE 4. ELECTRON MICROPROBE 

MICROGRAPHS SHOWING THE 
DISTRIBUTION OF Si. P, Ca, Al 
AND Fe IN A Fe-SLUDGE 
PARTICLE 
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(a) Ca— sludge 




(b) Al-sludge 









(d) Ca-sludge at the 3 inch {7.5 cm) depth. 



FIGURE 5. REPRESENTATIVE MICROGRAPHS 
OF THE INTERFACES BETWEEN THE 
SOIL AND THREE SLUDGES 
(1600 KgN/acre rates) FROM THE 
GRASS PLOTS 




(c) Fe-sludge 
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(e) Fe— sludge showing Fe— P compound. 
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FIGURE 6. REPRESENTATIVE MICROGRAPHS OF THE MAJOR HORIZONS OF THE CALENDON SANDY 
LOAM SOIL PROFILE FROM THE CAMBRIDGE CORN PLOTS 
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(a) Ah horizon. Horizontal section at the 3 
inch (7 cm) depth. Note silt and clay 
matrix around each skeleton sand grain. 




fe 
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(c) Bt horizon. Horizontal section at the 17 
inch (43 cm) depth. Note argiltans 
(clay skins) around each skeleton 
sand grain. 




(b) Ae horizon. Horizontal section at the 9 
inch (22 cm) depth. Note less silt and 
clay matrix around each skeleton sand 
grain. 








-•^• 
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(d) Cca horizon. Horizontal section at the 

62 inch (158 cm) depth. Note accumulation 
of CaC03 next to Bt horizon. 
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FIGURE 7. REPRESENTATIVE MICROGRAPHS OF THE MAJOR HORIZONS OF THE CONESTOGA 
SILT LOAM SOIL PROFILE FROM THE ELORA CORN PLOTS 




(a) Ah horizon. Horizontal section at the 
3 inch {7 cm) depth. Note the well 
formed aggregates. 



(b) AB2 horizon. Horizontal section at the 
15 inch (38 cm} depth. Note 
ferran— mangan in association with 
dolomite and leached area. 




(c). Btjg horizon. Horizontal section at the 
21 inch (54 cm} depth. Note 
ferran— mangan and argillans. 




(d) H BCg horizon. Horizontal section at the 
30.5 inch {77 cm' ) depth. Note small 
ferran— mangans and dolomite 
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FIGURE 8. REPRESENTAT IVE MICROGRAPHS OF THE MAJOR HORIZONS OF THE ONEIDA CLAY LOAM 
SOIL PROFILE FROM THE MILTON CORN PLOTS 




[a) Ah horizon . Horizontal section at the 
3.5 inch (9 cm) depth. Note mixture of 
argillans (clay skins) with other material. 



(b) Bt 1 horizon. Horizontal section at the 
9.5 inch (24 cm) depth. Note massive 
argillans on pore walls and lack of 
sand grains. 











(c) BC horizon. Horizontal section at the 17 
inch (43 cm) depth. Note large amounts 
of silt and clay in dense matrix, ferran 
and manga ns. 



(d) C horizon. Horizontal section at the 30 
ir>ch (76 cm) depth. Note calcans (CaC03) 
along pore walls and increased amounts 
of coarse sand in dense matrix. 
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FIGURE 9. REPRESENTATIVE MICROGRAPHS OF THE MAJOR HORIZONS OF THE CONESTOGA 
SANDY CLAY LOAM SOIL PROFILE FROM THE RUNOFF PLOTS 




(a) Ah horizon. Horizontal section at the 
8.5 inch (21 cm) depth. Note matrix 
is made up of fine sand, silt and clay. 




(b) Ae horizon. Horizontal section at the 
15 inch (38 cm) depth. Note decrease 
of clay. 




(c) Bmg horizon. Horizontal section at the 
20.5 inch (52 cm) depth. Note the 
terran— mangan nodules and lack of 
argillans (clay skins). 




(d) IVCKg horizon. Horizontal section at the 
38.5 inch (98 cm) depth. Note primary 
dolomitic sand particles and uncoated 
pore walls. 
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FIGURE 10. MICROGRAPHS OF SLIVERS IN SLUDGE 





(b) Enlargement of slivers. Note mats and spirals. 
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TABLE 203. Na-di thioni te and NH.-oxalate Extractable Fe, AI and Mn in 

Soils of Selected Treatments from the First Greenhouse Study 



S 1 udge 




Na-d 


thioni te 


{%) 


mu- 


oxalate 


{%) 


Treatment 


pH 


Fe 


Al 


Mn 


Fe 


Al 


Mn 






Clay Loam 












5.5 


1.6it 


.2k 


13 


.79 


.23 


.11 


Check 


7.5 


1.6^ 


.23 


12 


.85 


.19 


.10 


Fe-sludge 
(5000 kg N/ha) 


5.5 
7.5 


Z.kk 
2.i*4 


.ill 
.27 


14 

12 


.77 

.88 


.24 
.29 


.08 

.10 


Ca-sludge 
{5000 kg N/ha) 


5.5 

7.5 


1.63 
1.^8 


.22 

.18 


11 
12 


.62 
.39 


.15 
.15 


.07 
.07 


Al-sludge 
(5000 kg N/ha) 


5.5 

7.5 


1.6*1 
1.60 


.76 
.58 


11 
11 


.63 
.64 


.54 
.54 


.08 
.08 






Sandy Loam 










Check 


5.5 


1.01 


.21 


10 


.62 


.22 


.07 




7.5 


1.03 


.20 


10 


.47 


.17 


.07 


Fe-s 1 udge 
(5000 kg N/ha) 


5.5 

7.5 


],hZ 


.40 
.39 


11 
11 


.88 
.88 


.34 
.30 


.08 
.07 


Ca-sludge 

(5000 kg N/ha) 


5.5 
7.5 


.8J| 
.92 


.16 

.Id 


.08 
.07 


.43 
.37 


.15 
.15 


.06 

.05 


Al-sl udge 
(5000 kg N/ha) 


5.5 

7.5 


1.03 


.80 
.61 


.13 
.07 


.51 
.51 


.48 
.58 


.08 
.06 
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TABLE 20i», Na-dithionite Extractable Ca. Mg and Zn and NH^ -oxalate 

Extractable Mg in Soils of Selected Treatments from First 
Greenhouse Study. 



S 1 udge 
Treatment 



pH 



Na-dithionite {%) 



Ca 



Mg 



Zn 



NHi,-oxalate(^) 
"5a M 



Check 



Fe-sludge 
(5000 kg N/ha) 



Ca-sludge 
(5900 kg N/ha) 

Al-sludge 
(5000 kg N/ha) 



5.5 
7.5 

5.5 
7.5 

5.5 
7.5 

5.5 
7.5 



.26 

1.5^ 

.45 
1.20 

2.29 
2.29 

.58 
1.87 



Clay Loam 

.03 
.02 

.04 

.03 

.06 
.05 

.05 
.03 



.004 
,005 

,005 
,004 

004 
004 

005 
005 



N.D.* 


.24 


N.D. 


.11 


N.D. 


.27 


N.D. 


.22 


N.D. 


2.68 


N.D. 


3.24 


N.D. 


.82 


N.D. 


.64 









Sandy loam 








Check 


5.5 


.08 


.004 


.004 


N.D. 


.03 




7.5 


.56 


.003 


.004 


N.D. 


.02 


Fe-s 1 udge 
(5000 kg N/ha) 


5.5 
7.5 


.40 
.75 


.03 
.02 


.005 
.005 


N.D. 
N.D. 


.15 
.17 


Ca-sludge 
(5000 kg N/ha) 


5.5 
7.5 


2.09 
2.18 


.04 
.05 


.004 
.004 


N.D. 
N.D. 


3.38 
3.36 


AL-sludge 
(5000 kg N/ha) 


5.5 

7.5 


.47 
.76 


.03 
.02 


.005 
.005 


N.D. 
N.D. 


.25 
.19 



* N.D. - Not Determined. 
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TABLE 205, Na-di thioni te and NH.-oxalate Extractable Fe, Al and Mn from the Ca- 
sludge Treated Grass Plots. 



10 
to 



Depth 

Inches 

(cm) 



0- 1 
(0-2.5) 

1- 2 
(2.5-5.0) 

2- 3 
(5.0-7.5) 

3- A 
(7.5-10.0) 

^- 5 
(10.0-12.5) 

5- 6 
(12.5-15.0) 

6- 8 
(15.0-20.0) 

8-10 
(20.0-25.0) 

10-12 

(25.0-30.0) 



Na-Di thionlte {%) 

200 kg H/Ua 



Fe Al Mn 



1.25 .16 .06 



1600 kg N/ha 
Fe Al Mn 



.92 .07 .0^ 



1.29 cl7 .06 I .90 .07 .OA 



1.37 .17 .06 

I 1.37 .17 .06 

I 
I 

; 1.25 .17 .07 

; 1.29 .16 .07 

i 
I 

! \,k] .23 .08 

i 

i 1.31 .18 .07 

1.17 .15 .07 



1.15 -12 .06 

1.23 .13 .07 

1.22 .15 .06 

1.21 .15 .06 

1.15 .16 .05 

1.21 .13 .04 

1.25 .12 .03 



200 kg N/ha 
Fe Al Mn 



NH^-Oxalate {%) 



,30 .22 .05 

.32 .20 .05 

.33 .26 .05 

.40 .27 .07 



1600 kg N/ha" 



Fe Al Hn 



.28 .22 .05 
.23 .17 .04 
.08 .10 .06 



.37 .12 .03 

.35 .13 .031 

j 

.36 .21 .03; 
.35 .22 .04 



.14 .23 .05 ! .30 .21 .04 

j I 

.32 .22 .05 \ .39 .27 .0%; 



.33 .22 .O^l 
.19 .13 .02 

.10 .12 .02 



TABLE 206. Na-di thioni te and NH^-oxalate Extractable Fe, Al and Mn from the 
Al-sludge Treated Grass Plots 






Depth 

Inches 

(cm) 




Na- 


■drthionlte {% 








NHi(-oxa 


ate {%) 




200 
Fe 


kg N/ha 
Al Mn 


1600 


kg N/ha 


200 

Fe 


_kg N/ha 
Al Mn 


1600 


kg N/ha 


Fe 


Al 


Mn 


Fe 


Al Mn 


0- 1 
(0-2.5) 


1.15 


.20 


.06 


.96 


.58 


.OA 


.33 


.29 .0^ 


.^9 


1.93 .03 


1- 2 
(2.5-5.0) 


1.17 


.17 


.06 


1.11 


.27 


.06 


.29 


.20 .05 


.33 


.32 .05 


2- 3 
(5.0-7.5) 


1.20 


.15 


.07 


1.23 


.18 


.06 


.32 


.21 .0^ 


.31 


.21 .Ok 


3- k 
(7.5-10.0) 


1.25 


.16 


.07 


1.19 


.18 


.06 


.29 


.18 .05 


.32 


.21 .0^ 


^- 5 
(10.0-12.5) 


1.15 


.15 


.06 


1.21 


.18 


.06 


.30 


.20 .06 


.31 


.20 .03 


^ 6 

(12.5-15.0) 


K23 


.16 


.06 


1.2^ 


.17 


.06 


.32 


.21 .06 


.27 


.22 .0^ 


6- 8 
(15.0-20.0) 


1.15 


.15 


.06 


1.19 


.15 


.06 


.31 


.17 .05 


.3A 


.20 .05 


8-10 
(20.0-25.0) 


1.13 


.15 


.07 


1.27 


.17 


.06 


.2k 


.1^ .Ok 


.36 


.2k .02 


10-12 
(25.0-30.0) 


1.15 


.]k 


.07 


1.35 


.18 


.07 


.25 


.}k .06 


.^0 


.23 .06 



TABLE 207. Ka-dithionite and NH^-oxalate Extractable Fe, Al and Mn from the Fe- 
sludge Treated Grass Plots. 






Depth 

Inches 
(cm) 




Na 


-DIthionlte {%) 




NHii-Oxalate {%] 


200 

Fe 


ka N/ha 
Al Mn 


' 1600 kg 
' Fe Al 


N/ha 
Mn 


200 


kg N/ha 


1600 


kfl 


N/ha 


Fe 


Al Mn 


Fe 


Al 


Mn 


0- 1 
(0-2.5) 


1.35 


.18 


.06 


1 2,lth .40 

1 


.07 


.48 


.23 .06 


2.2 


.47 


.04 


1- 2 
(2.5-5.0) 


1.29 


.18 


.07 


1.54 ,2h 


.07 


.33 


.18 .05 


.81 


.27 


.04 


2- 3 

(5.0-7.5) 


1.27 


.17 


.07 


1.39 .18 


.06 


.34 


.22 .06 


.44 


.21 


.04 


3- ^ 

(7.5-10.0) 


1.35 


.18 


.08 


1.50 .20 


.07 


.31 


.21 .07 


.39 


.23 


.05 


4- 5 
(10.0-12.5) 


1.23 


.17 


.08 


1.35 .19 


.07 


.36 


.25 .07 


.34 


.21 


.04 


5- 6 
(12.5-15.0) 


1.25 


.15 


.07 


1.35 .16 


.08 


.31 


.20 .05 


.15 


.21 


.04 


6- 8 
(15.0-20.0) 


1.21 


.15 


.06 


1.39 .18 


.07 


.29 


.17 .03 


.34 


.21 


.04 


8-10 
(20.0-25.0) 


1.29 


.16 


.07 


1.^3 .18 


.07 


.28 


.17 .04 


.39 


.24 


.04 


10-12 
(25.0-30.0) 


\.k] 


.16 


.08 


1.58 .18 


.06 


.31 


.20 .04 


.43 


.24 


.04 



TABLE 208. Na-di thionite Extractable Ca , Mg and Zn and NH^-oxalate Extractable 
Mg from the Ca-sludge Treated Grass Plots. 



^ 






epth 
Inches 
(cm) 



0- 1 
(0-2.5) 

1- 2 
1(2.5-5.0) 

2- 3 
[5.0-7.5) 

3- 4 
(7.5-10.0) 

( 10.0-12.5) 

5- 6 
(12.5-15.0) 

6- 8 
(15.0-20.0) 

8-10 
(20.0-25.0) 

10-12 
(25.0-30.0) 



Na-di thioni te {%) 



200 kg N/ha 
Ca Mg Zn 



1.07 .04 .005 



68 ,0k .005 



61 .05 .005 



56 .04 .005 



62 .05 .005 



59 .05 .005 



59 .05 .006 



41 .04 .006 



25 .03 . .005 



1600 kg NTha 
Ca Mg Zn 



2.15 .07 .005 



2.15 .07 .005 



1.41 .06 .006 



1.87 .06 .006 



1.51 .06 .005 



1.09 .06 ,006 



.92 .05 .005 



.63 .04 .005 



.52 .05 .006 



200 kg H/ha 

Mg 



NHi-oxalate {%) 



.94 
.78 
-90 
.76 
.84 
.86 
.86 
.61 
.46 



1600 kg N/hl 
Mg 



1.48 

1.66 

1.00 

.96 

.82 

1.00 

.74 

.64 

.60 



TABLE 209. Na-dlthionite Extractable Ca , Mg and Zn and NH.-oxalate Extractable 
Mg from the Al-sludge Treated Grass Plots. 






Depth 

Inches 

(cm) 



0- 1 
;(0-2.5) 

1- 2 
,(2.5-5.0) 

2- 3 

; (5. 0-7. 5) 



; ^- 5 

,(10.0-12.5) 

5- 6 
(12.5-15.0) 



Na-di thionite {%) 
200 kg N/ha t 1600 kg N7h7 



Ca Mg Zn 



10-12 
(25.0-30.0) 



Ca Mg Zn 



.5^ .05 .005 
.^6 .05 .005 
.^7 .05 .005 



(7"5-10.0) I -^7 .05 .005 



.^3 .Oif .005 

.43 .Ok .005 



(ts. 0-20.0) I -35 .05 .005 

8-10 \ 

(20.0-25.0) ■ -39 .05 .005 



.31 .004 .005 



1.87 .07 .009 

,Sk .05 .006 

.55 .05 .006 

.5A .06 .005 

.56 .05 .005; 

.55 .05 .006 

.57 .05 .005 

.55 .05 .005 

.53 .06 .005 



200 kg N/ha 
Mg 



NHjt-oxalate {%) 



l.U 

1.17 

1.32 

1.25 

1.55 

K51 

2.12 

1.82 

.71 



600 kg N/h7 
Mg 



1.30 

.93 

1.02 

.97 

.90 

.94 

1.04 

.90 
.92 



TABLE 210. Na-di thioni te Extractable Ca, Mg and Zn and NH. -oxalate Extractable 
Mg from the Fe-sludge Treated Grass Plots. 



Ul 



Depth 

Inches 
(cm) 


Na-dithlonlte {%) 


NHii-oxalate {%) 


200 
Ca 


kg N/ha 
Mg Zn 


1600 kg 
Ca Mg 


Zn 


200 kg N/ha 


1600 kg N/ha 


Mg 


Mg 


0- 1 
(0-2.5) 


.77 


.05 .006 


1.21 ,09 


.010 


\,0k 


1.92 


1- 2 

(2.5-5.0) 


.58 


.05 .005 


.77 .07 


.006 


.78 


1.38 


2- 3 

(5.0-7.5) 


.58 


.05 .005 


.66 .07 


.005 


.96 


1.20 


3- k 
(7.5-10.0) 


.53 


.05 .005 


.66 .07 


.006 


.90 


1.18 


k- 5 
(10.0-12.5) 


.53 


.05 .005 


.68 .06 


.006 


.9^ 


1 .00 


5- 6 
(12.5-15.0) 


.55 


.05 .005 


.77 .06 


.006 


.92 


1.8A 


6- 8 
(15.0-20.0) 


.55 


.05 .005 


.7^ .06 


.006 


.80 


1.18 


8-10 
(20.0-25.0) 


.55 


.05 .005 


.67 .06 


.006 


.86 


1.0^ 


10-12 
(25.0-30.0) 


.36 


.05 .005 


.55 .06 


.006 


.78 


.7** 



TABLE 2M. Preliminary Identification of X-Ray Diffraction Data on Twelve Sludges used In the Two Greenhouse Studies 



Quartz Feldspar Calclte 



Sludge 



Treatment 



Si 1 icate 
Clays 



I ron 

Phosphate 

Hydrate 



Aluminum 
Phosphate 
Hydrate 



A 1 um i num 

Sulphate 

Hydrate 



A 1 um t num 

Si 1 icate 

Hydrate 



X - mineral dominant 
< - mineral present 



Guelph 


none 


X 


Fergus 


none 


X 


Toronto Number 


none 


X 


Aurora 


none 


X 


Point Edward 


FeCl^ 


X 


Sa r n i a 


FeCl 


X 


■North Toronto 


Feci 2 


X 


i Newmarket 


1 ime 


X 


Midland 


1 ime 


X 



1st Greenhouse Study 



ftorth Toronto 


Feci 2 


X 


< 


< 


Newmarket 


Lime 


X 


X 


X 


Point Edward 


Alum 


X 




< 



2nd Greenhouse Study 

X 



8. GENERAL DISCUSSION AND CONCLUSIONS 

8 . 1 Runoff 

In general, nitrogen losses in runoff were low, with the highest 
amounts being lost from plots receiving sludge in mid-January. One 
runoff event immediately following fall sludge application resulted in 
elevated values for losses of nitrogen, phosphorus, metals and COD. 
With the exception of this one event, phosphorus losses were low, and 
metal and COD losses were low and did not differ between treatments. 

8.2 Crop Growth 

8.2.1 In the field 

In general, in the field trials crop growth was at least as 
good with sludges as with chemical fertilizers. The three chemically 
treated sludges produced similar yields although the iron sludge tended 
to advance early growth and maturity of corn slightly. There was no 
evidence of poor growth with the aluminum sludge in IS?** in any of the 
trials, the apparent toxic effect of Point Edward sludge on grass in 
1973 having dissipated. Crop yields in 197A responded to nitrogen appli- 
cation from amrponium nitrate and from sewage sludge. 

8.2.2 In the greenhouse 

In the first crop in the greenhouse, all sludges appeared to 
increase yields, but when applied at high rates of application, four 
of the sludges produced appreciably lower yields than when applied at 
lower rates. In the second crop, all the sludges except one produced 
low yields when applied at high rates. It has now been shown that soil 
salinity was at least part of the problem. In future, soil will be leached 
in this experiment after each sludge addition. Salinity is not likely 
to be a problem in the field in Ontario at moderate rates of applica- 
tion but could pose a serious problem with the use of at least some of 
these sludges in dry areas of Western Canada. 
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8.3 Nutrient and Metal Availability 

8.3.1 Soil pH 

The calcium sludge tended to increase soil pH in the field 
and greenhouse even on soil of pH 7.1. The aluminum and iron sludges 
lowered soil pH, but less than one quarter as much as similar rates of 
nitrogen from ammonium nitrate. 

8.3.2 Nitrogen 

In general, about twice as much nitrogen appeared to be required 
from sludge as from ammonium nitrate to produce a particular yield or 
nitrogen content in grass or corn in the field in 197^. One might expect 
that, as each year passes, the sludge nitrogen would compare more favour- 
ably with ammonium nitrate due to the accumulation of organic matter 
and the gradual release of nitrogen from it. Nitrate nitrogen concentra- 
tions in grass and corn stover approached toxic levels for animals at 
the highest rates of sludge application. 

8.3.3 Phosphorus 

Sludges increased sodium bicarbonate extractable ("plant 
available") phosphorus in soil quite markedly. This effect was appre- 
ciably greater with the calcium sludge although it supplied less total 
phosphorus than the other sludges in most cases. Phosphorus concentration 
in crops was slightly higher with the calcium than with the other sludges, 
but even the lowest rates of sludges produced adequate phosphorus concen- 
trations in plants and increasing rates of sludge did not, in general, 
increase phosphorus concentrations. 

The phosphorus in calcium sludge appears to be appreciably 
more available in Ontario soils than that supplied in iron or aluminum 
sludges. With the large amounts of phosphorus in sludge, this greater 
availability may be a disadvantage where sludges are applied repeatedly 
to the same land. 

8.3. 'l Boron 

The Midland sludge supplied appreciably more boron than other 
sludges and could pose a toxicity problem if used at high rates for cer- 
tain crops, or if used in dry areas where boron could accumulate. 
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8.3.5 Cadmium 

Cadmium concentrations were quite low in the field trials but 
the use of high cadmium sludges in the greenhouse resulted in appre- 
ciable uptake. Of particular concern was the high cadmium concentration 
in the second crop of grass on the treatment, which received only one 
application of sludge at the I6OO kg N/ha rate before the first crop was 
seeded. This produced higher cadmium concentrations than two applications 
of 1600 kg N/ha, one before seeding each crop. Thus, cadmium appeared 
to become more available with time after application. 

8.3.6 Copper 

Copper concentrations were increased by sludge applications, 
increases being, in general, related to copper additions. The sludges 
which were used in the field trials were low in copper. They increased 
copper content of crops but no more than the increase with ammonium nitrate 

8.3.7 Nickel 

Nickel concentrations in crops Increased quite markedly with 
addition of nickel in sludges. The calcium sludge from Midland, high in 
nickel, increased concentrations of nickel in ryegrass quite markedly 
even at high soil pH. Nickel, like cadmium, appeared to become more 
available with time. 

8.3.8 Zinc 

Zinc concentrations were increased by sludge additions in the 
field and greenhouse, although in the greenhouse some low zinc sludges 
also reduced zinc concentrations in grass, probably by raising soil pH. 
At high rates of application, zinc appeared to become more available with 
time after application in sludge. 

8.3.9 Other nutrients and metals 

Potassium, calcium, magnesium, manganese, iron, aluminum, 
chromium and mercury concentrations in crops were all significantly 
affected by treatment in one or more trials but effects were variable 
and small. There was no evidence that aluminum sludges produced high 
aluminum concentrations in crops. Chromium concentrations in crops 
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increased quite appreciably on a percentage basis in one trial but the 
concentrations were still quite low. 

8.^ Nitrogen 

In the field trials, less nitrate accumulated in the soil under 
grass than under corn. More nitrate appeared to be produced by sludges 
containing the largest portion of their nitrogen in ammonium form. In 
general, nitrate concentrations in soil solution were quite high, but 
movement was less than in 1973, probably due to the lower rainfall in 
July and August rn 197^. The nitrate concentrations were much greater 
in the silt loam and clay loam profiles than in the sandy loam, for reasons 
that are not clear. In the fall of 1973, nitrate appeared to be lost 
from the clay loam profile, probably by deni trif ication, but in 197^ there 
was no apparent loss. 

in laboratory nitrification studies, nitrate production continued 
for at least 52 weeks. The rate of nitrate production varied among 
sludges but differences were not related to chemical treatment applied 
to sewage for phosphate control or to ammonium content. The Point Edward 
aluminum sludge collected in 1973 gave a low rate of nitrate production. 
The Point Edward iron sludge collected in 197^ also gave a low rate of 
nitrate production, although not as low as the 1973 sludge. 

8.5 Soi 1 Tests for Metals 

Comparisons of various chemical extractants as measures of 
metal availability to plants show acetic acid as a promising extractant 
for nickel. Further work is required on the other metals. 

8.6 Soi 1 Characterization 

Iron in the iron sludge is crystallized, based on chemical 
extraction, microprobe analysis and X-ray. Where the sludges have been 
applied on the soil surface in the bromegrass trial, the ferric phosphate 
crystals appear to be decomposing and the iron may chelate with organic 
matter. 

Where the sludge has been surface applied, calcium, aluminum 
and iron all appear to be moving into the soil but calcium has moved the 
farthest, up to twelve inches in two years. 
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Examination of the sludges before application to soil show 
inorganic minerals and particulate matter. Some fibrous material in 
the aluminum sludge appears to be organic. 
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$ MICROBIOLOGY 

9.1 Introduction 

Since May, 1973, an attempt has been made to establish the 
numbers of some groups of indicator bacteria in runoff waters and sludges 
and to determine the presence or absence of such pathogenic types as 
members of the genera ScUbnonoXZa. and ShigeZZa, in sludges, runoff waters, 
and on plant material harvested from plots receiving these sludges. 

To date, there have been sixteen runoff events in this study. 
This has involved the examination of duplicate portions from 352 samples. 
Duplicate portions of 39 samples of digester sludge have also been examined. 

In 197't» samples of corn and grass from check plots and plots 
receiving the greatest amounts of the sludges at the three stations were 
examined. 

Sludge and runoff water samples continue to be submitted to the 
Ontario Ministry of Health for the detection of viruses. 

9.2 Methods 

9.2.1 Sludge and runoff waters 

Samples of these have been examined as soon as possible following 
the application or collection. Since the spring of 197^» the amount of 
such materials examined for the presence-absence of SaMnonoZta. SklgeZla 
has been 250 grams in the case of sludges, and 250 ml in the case of 
runoff waters. Such amounts were added to duplicate flasks of three 
selective enrichment media. The flow diagram will indicate the details 
of this examination (Figure 11). 

The most probable numbers of col i forms and faecal col i forms 
continue to be estimated by a multiple tube dilution procedure using 
Lauryl Tryptose Broth and Brilliant Green Bile Broth at 37 C, and EC 
Broth at 4A.5 C. The most probable number of faecal streptococci is 
being estimated by a multiple tube procedure with KF Streptococcus Broth. 

For a time in 197^, the examination of runoff waters was 
restricted to samples from 10 of 22 plots. At present, samples from 
all plots are being examined. 
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9.2,2 Corn and grass samples 

The corn plant samples were obtained from the three research 
stations at the time of thinning. Samples were also obtained from a 
site remote from the application of sludges. 

At the research stations, the plants were obtained from each 
of three plots receiving the three sludges at ]k2k lb N/ac (I6OO kg N/ha), 
and from the three plots which had received ammonium nitrate at I7B lb 
N/ac (200 kg N/ha). 

Corn plant samples were also obtained from three sites on an 
Elgin County farm. This land had never received domestic waste digestor 
sludge, but had received animal manure and chemical fertilizer. 

The grass samples were obtained from each of the three plots 
receiving the sludges at }k2k lb N/ac and the ammonium nitrate at 178 lb 
N/ac at the Elora Research Station. 

In the 197^ season, the plant material was collected, cut Into 
short sections and distributed in 50 gram amounts to duplicate flasks 
of three selective enrichment media. The media presently being used are: 

Tetrathlonate Broth (Difco #0^*91) 

Selenite Br. Green Sulfa Broth (Difco #0715) 

GN Broth (Difco #0486) 

The primary plating media presently in use are: 

MacConkey Agar (Difco #0075) 
Br. Green Sulfa Agar (Difco #0717) 
Hektoen Enteric Agar (Difco #0853) 
S.S. Agar (Difco #0074) 

9.3 Results 

9.3.1 Sludges and runoff waters 

Tables 212 to 225 provide some Idea of the numbers of Indicator 
organisms encountered in the sludges and runoff waters. 

North Toronto sludge Is being applied to the runoff plots. 
Obviously, large numbers of the indicator organisms have been added. 
A comparison of the numbers present in the sludge and runoff waters 
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Indicates a great reduction. This could be brought about by dilution, 
retention at the soil-sludge location, loss of viability since application 
or a combination of all these factors. 

The incidence of high and low values of total col I forms, faecal 
coliforms and faecal streptococci in runoff waters, as obtained from 
Tables 218 to 225, could suggest: 

1) That the variation in total coliform numbers is such 
that they are of little value as indicators of the quality of runoff 
water from the test plots involved here. The abundance of these organisms 
in the applied sludge is evident in Table 212. In spite of this, the 
highest counts of coliforms occurred with water from check plots after 
three of the eight runoff events between April/7A and March/75. 
Although the greatest number of coliforms occurred in waters from 

sludge treated plots obtained during the remaining runoff events, runoff 
waters from the fall application plots failed to register a maximum count 
for any of these eight runoff events. 

2) That the incidence of faecal coliforms is too low and 
irregular to serve as a reliable indication of the quality of runoff 
water from the test plots. The lack of faecal coliforms is consistent 
with the absence of SaJbnontWi-SkiQQZloi types. 

3) That the incidence of faecal streptococci In runoff 
waters appears, at times, to be related to the presence of sludge. 
Results of the examination of runoff waters from plots receiving sludge 

at the rate of 178 lb N/ac on the (>% slope suggest a possible relationship 
between the presence of sludge and the greater number of faecal strepto- 
cocci. However, the results of the examination of runoff waters from 
plots receiving sludge at both rates on the 1% slope are not consistent 
with this relationship. 

9-3.2 Idenf i f Icat ion of isolates 



9.3.2. 1 Runoff waters . Over ^00 isolates have been obtained from all 
runoff events up to November 1, 197^. Two of these have been identified 
as SciimoneZta ent^Aldlta> . The remainder are not ScUmomtta or SklgeZla. 
species. The two isolates of S. ^ntdfUdctli were isolated from runoff 
water of August 2, 1973* This plot, on a 6^ slope, had received a spring 
application of sludge at the rate of 178 lb N/ac. 
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A large number of isolates have been accumulated from the six 
runoff events which have occurred since January 1, 1975» These have not 
yet been screened for identification. 

9.3.2.2 Sludges . Some 261 samples have been examined since May/73 

from 33 samples. Eight samples were found to contain ScUmon^Zla mtQAJjUZU 
and one contained a species of SklgeMd, Table 226 indicates the source 
of these isolates. 

A few isolates from one sample of sludge received January/75 
have not yet been examined. 

9.3.2.3 Corn plants . Of ^00 isolates obtained in 1973 and 197't from 87 ■ 
samples, none was identified as SaJbnoneZta. or SkigoMa species, 

9.3.2.^ Grass . Of 310 isolates obtained in 1973 and 197^ from 60 samples, 
four have been identified as SalmonoMa. 2ntQAMiUUJ>, These were isolated 
from samples harvested from plot 8 and plot 65 at the time of the third 
cutting, August 26, 1974. Plot 8 received iron sludge at the rate of 
1600 kg N/ha. Plot 65 received lime sludge at the rate of 1600 kg N/ha. 
Grass from two plots of the nine treated with sludge at this rate yielded 
ScUmoneZZa. 6p. 

9.3-3 Efficiency of isolation procedures 

According to the results of an experiment conducted in 197^, 
the method used in the detection of Saimomtta. will demonstrate the 
presence of approximately one cell of S. zntvUdctU In 25 g of grass 
and sludge with SBG, BG and TT enrichment broths as the selective media, 

ShtQoMa 6onneA. was not recovered from similarly prepared and 
inoculated flasks. 

9.'* Comments 

1. SaJbnoneZta species have been isolated from sludge (9 of 39 
samples), runoff waters (1 of 352 samples) and grass (2 of 60 samples). 

2. The presence of ScUmon^Zta. species in grass and corn, 
or even runoff water is, of course, not necessarily related to sludge 
applied to that plot. 
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3. SabnonaLU-SklQeZta species were not detected on any of the 
corn samples examined. 

k. The numbers of indicator organisms present in runoff waters 
are much less than those present in sludge. If any of these, and particu- 
larly the faecal coliforms, are considered to be indicative of the survival of 
SabnoyioUa-SkLQQZta species, then the absence of such pathogens from 
runoff water is to be expected. 
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TT BROTH 



WATER 
SLUDGE 
CORN 
GRASS 



SAMPLE 



T 



DUPLICATE ALIQUOTS 



WATER 


- 250 m! 


SLUDGE 


- 250 g 


CORN 


- 50 g 


GRASS 


- 50 g 




SBG SULFA BROTH 



STREAK PLATE PREPARAT I ONS 



OF 



MacCONKEY AGAR 

SS AGAR 

BG SULFA AGAR 

HEKTOEN ENTERIC AGAR 



i 



SELECTION OF COLONIES 
PURIFICATION OF ISOLATES 
TRIPLE SUGAR IRON AGAR 

i 

UREA AGAR 

; 

SLIDE AGGLUTINATION TESTS 

i 

API ENTEROBACTERIACEAE SYSTEM 



FIGURE n. DETECTION OF SALMONELLA - SHIGELLA 
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TABLE 212. Number* of Some Indicator Organisms in North Toronto Iron-treated Sludge 

Samples of: 

Microorganisms April 30/7^ May 2/7^ May 2V7^ June 20/7^ July 25/7^ Nov. 19/7^ Jan. 15/75 

Total Conforms 200,000 12.500 ^^5,000 1,200,000 1.550.000 1,260.000 260.000 

Faecal Coliforms 37.000 200 500.000 550,000 107.000 126,000 

Faecal Streptococci 16,000.000 1 .900.000 1.600.000 11,000,000 8,320,000 73,000 2it,000 

^Estimate per 100 g MPN procedure. 






TABLE 213. Number* of Some Indicator Organisms in Newmarket Lime-treated Sludge 

Samples of: 

Microorganisms April Ikllh April 26/7^ May 2/7^ May 16/7^ May 29/7^ June 19/7^ July 25/7^ 

Total Conforms 315.000 1,090,000 ^tO.OOO 2^,000 3,500.000 725,000 3,350,000 

Faecal Coliforms 2,000,000 65O.OOO 6,400 3.000 13.000 390,000 13,000 

Faecal Streptococci 1.200,000 3,500,000 16.000,000 180,000 445,000 10,700,000 445,000 



^ *Estimates per 100 g MPN procedure. 
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TABLE 2lA. Number^ of Some Indicator Organisms in Kitchener Alum-treated Sludge 

Samples of: 
Microorganisms April 17/74 April 18/7^ May ]/7k May S/Jk June 20/7^ July 25/7^ 

Total Conforms 895,000 140.000 600,000 33,000 2.U5»O00 6,000,000 

Faecal Coliforms 210,000 48,000 32,000 2,lii5,000 1.200,000 

Faecal Streptococci 3,900.000 2,950,000 2.400,000 450,000 5,400,000 940,000 



M *Estimates per 100 g MPN procedure. 
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TABLE 215. Number of Some Indicator Organisms in North Toronto Sludge 
(Iron) over a Period of Fifteen htonths and Twelve Samples. 



Number of Organ isms/ 100 grams 



Maximum Average 



Minimum 



Total Conforms 
Faecal Col i forms 
Faeca 1 St reptococc i 



19,500.000 2,17^,000 12,500 
2,^00,000 306.000 
16.000,000 if, 812, 000 295,000 



TABLE 216. Number of Some Indicator Organisms in Newmarket Sludge 

(Lime) over a Period of Fifteen Months and Twelve Samples 

Number of OrganIsms/100 grams 



Total Conforms 
Faecal Col i forms 
Faeca 1 St reptococc i 



Maximum Average 



Minimum 



16,000.000 5,520,750 
4,500,000 757,000 
3.500.000 2,646.000 



24,000 

3.000 

29,000 



TABLE 217. Number of Some Indicator Organisms in Kitchener Sludge 
(Alum) over a Period of Six Months and Six Samples. 

Number of Organisms/100 grams 



Maximum Average 



Minimum 



Total Col i forms 
Faecal Col i forms 
Faeca 1 Streptococc i 



2,145,000 1.635.000 33,000 
2.145,000 604,000 
5,400,000 2,091.000 295.000 
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TABLE 218. Average Numbers of Indicator Organisms in Runoff Waters of April 2, 1974. 



Microorganisms 



ro 



Total Col i forms 



Faecal Col I forms 



Faecal Streptococci 



Time of Sludge Application 
Fall Winter Spring 



Fal 1 Winter Spring 



N6ne 



Sludge rate - lb N/ac (kg/ha) 
178 (200) 178 (200) 178 (200) 



7U(800) 71^(800) 714(800) 



2% 6% 



Slope of Soil Surface 

2% S% 2% 6% 2% i% 



2% 2% 



2% 



Most probable number of organisms/100 mt 
65.000 805,000 2,300 455.000 130,000 417,000 19.000 51.000 58,000 104,000 12,000 



1 



0.5 



1,5 2.5 1.5 



1 



2,400 9.100 2,300 27.000 32,000 37,000 16,000 140,000 3.000 5,000 2,100 



TABLE 219. Average Numbers of Indicator Organisms in Runoff Waters of May 17» IS?'!. 









Fall 


Time of Sludge Application 
Winter 


Spri 


ng 




Fall 


Winter 


Spring 




None 




178 


Sludge rate 
(200) 


- lb N/ac 
178 (200] 


(kg/ha) 


178 


(200) 


714(800) 714(800) 


714(800 










Slope of So 


1 Surface 
















Microorganisms 


2% 


€>% 


2% 


6% 


m 


e% 


2% 




6% 


2% 


2% 


2% 


Total Col i forms 


100 


93 


60 


1,200 


1.650 


2.500 


200 




795 


90 


340 


220 


Faecal Col i forms 











10 













32 











Faeca 1 St reptococc i 


1.100 


790 


250 


28.500 


1.300 


8,000 


700 




2.400 


650 


4,450 1 


,600 






TABLE 220. Average Numbers of Indicator Organisms in Runoff Waters of January 30, 1975 



Time of Sludge Application 
Fal 1 Winter Spring 



Fal 1 Winter Spring 



None 



Sludge rate - lb N/ac (kg/ha) 
178 (200) 178 (200) I78 (200) 



7U(800) 71^(800) 71't(800) 

































Slope of Soi 1 Su 


rface 












Microorganisms 


2% 


e% 


2% 


6^ 2% 


(>% 


2% 


€>% 


2% 


2% 


2% 










Most probable nu 


mber of 


rganisms/IOO ml 








Total Col i forms 


^00 


8,100 


5.800 


3,700 600 


9,900 


6.600 


28,600 


2,200 


1,100 


950 


Faecal Col i forms 





^ 














i.5 





0.5 





Faecal Streptococci 


3.600 


2,200 


^00 


1,100 300 


5.000 


860 


1.000 


1.300 


48 


7M 



TABLE 221. Average Numbers of Indicator Organisms In Runoff Waters of February 23, J975. 















Time of 


Sludge AppI ication 
















Fall 




Winter 


Spring 




Fall 


Winter 


Spring 












Sludge rate - lb N/ac (kg/ha) 












None 




178 (200) 




178 (200) 178 (200) 


7H(800) 


71^(800) 


71'»(800) 












Slope of 


Sol 1 Surface 












Microorganisms 


1% 


6% 


1% 


(>% 


1% 


(>% 1% 


6^ 


1% 


1% 


2^ 




Total Col i forms 


8,200 


1,100 


2.700 


86 


73,00 


1,100 5,000 


300 


3,^*00 


3.000 


it, 900 




Faecal Col i forms 


50 


1 











2 
















Faecal Streptococci 


2,000 


200 


5.^00 


230 


2.^00 


950 920 


290 


2,^100 


5.300 


1.500 



TABLE 222. Average Numbers of Indicator Organisms In Runoff Waters of February 2k , 1975. 



Fall 



Time of Sludge Application 
Winter Spring 



Fall Winter Spring 



None 



178 (200) 



Sludge rate - lb N/ac (kg/ha) 
178 (200) 178 (200) 



714(800) 71^(800) 7T»(800) 



-J 
GO 









SI 


ope of Soil Surface 








Microorganisms 


2% 


6% 2% 


m 


2% 


S% 2% 


6* 2:^ 


2% 


2% 


Total Conforms 


Ii9,000 


1|60,000 't8,000 


18.000 


28,000 


15,500 1,800 


'19.600 11,000 


75,000 


265,000 


Faecal Col i Forms 


1 























Faecal Streptococci 


1.800 


290 1 80 


150 


60 


1,700 1,000 


600 3.800 


3,700 


67 



TABLE 223. Average Numbers of Indicator Organisms in Runoff Waters of March 1^, 1975. 



ho 











Time of Sludge Application 










Fall 


Winter 


Spring Fall 


Winter 


Spring 










Sludge rate 


- lb N/ac (kg/ha) 








None 


178 (200) 


178 (200) 


178 (200) 714 (800) 


714 (800) 


714 (800) 










Slope of Soil Surface 






Microorganisms 


2% S% 


2% 


e% 


2% $% 


2% 6% i% 


2% 


2% 








Most p 


robable number of organisms/100 ml 






Total Conforms 


39,000 4,500 


49,000 


1,000 


- 4,400 


126,000 7,100 44,000 


22,000 


34,000 


Faecal Col iforms 























Faecal Streptococci 


U 31 


53 


190 


290 


790 32 210 


81 


510 



TABLE 224. Average Numbers of Indicator Organisms in Runoff Waters of March 20, 1975. 






Mlcroorgani sms 



Total Col i forms 



Faecal Col i forms 



Faeca 1 S t rep tococc i 



Fall 



Time of Sludge Application 
Winter Spring Fall 



Winter Spring 



None 



Sludge rate - lb N/ac (kg/ha) 
178 (200) 178 (200) 178 (200) 714 (800) 714 (800) 714 (800) 



2% e% 



(>% 2% 



Slope of Soil Surface 

i% 2% 6^ 



2% 



2% 



Most probable number of organisms/100 ml. 
630 2,300 1,500 1,200 130 125,000 151,000 908,000 220 











86 15 47 66 32 







460 



1.5 



48 460 







70 



55.000 720 



73 



Q 
33 



TABLE 225. Average Numbers of Indicator Organisms In Runoff Waters of March 23, 1975. 



00 











Time 


of Sludge Application 












Fall 




Winter Spring 


Fall 


Winter 


Spring 










SI udge 


rate - lb N/ac (kg/ha) 


- 








None 


178 (200) 


178 (200) 178 (200) 


714 (800) 


714 (800) 


714 (800) 










SI 


ope of Soi 1 Surface 








Microorganisms 


2% (>% 


2% 


€>% 


2% 


(>% 2% (>% 


2% 


2% 


2% 








Most 


probabl 


e number of organisms/100 ml 






Total Col 1 forms 


35,000 26.700 


26,500 


8,400 


1,500 


16,200 4,000 59,000 


2,000 


8,000 


6.500 


Faecal Col i forms 


Q 























Faecal Streptococci 


530 lAO 


280 


98 


200 


1,700 47 480 


300 


2.000 


140 



TABLE 226. Number of Sludge Samples Found to Contain SabnoneZta or Sklgztta 
Species. 



Sludge Source 



Samples Examined* 



North Toronto 
Point Edward 
Newmarket 
Kitchener 



12 

3 

12 

6 



Samples Posftlve 

4 (S, znto/UdiZu) 
1 {SfUgeUa 6p.) 
1 (S. znt2AAAiti&) 
3 (S. znteAtcUtU) 



* Includes samples May/73 to July/7^. 



% 



282 



to Land disposal of sewage sludge 

774 : volume III, (April, 1974 - 

.L36 March, 1975) / 

1976 78873 



